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SUIMMARY

This report documents the findings of a year long study to asscs the impact of Large Woody

Debris ([WI)) upon channel evolution and morphology in unstable sand bed rivers in northern

Mississippi. Tbe aim of this research is to gain an improved understanding of the basin-wide

impact of LWD dynamics in unstable and stable channel environmer.ts and to develop a set of

coherent debris management strategies for erosion control, habitat enhancement, and S

maintenance/design considerations for run-of-river structures, based upon sound geomorphic

and engineering analysis.

Oata from the US Army Corps of Engineers Demonstration Erosion Control (DEC) survey

program, conducted in May 1995, has been used to locate significant debris jams with respect

to planforra and long profile data on 23 river reaches in northern Mississippi. The reaches

surveyed are between 4000 and 12000 feet long and range in upstream basin area from 3.5 to

150 square miles. A comprehensive understanding of debris dynamics can be attained from

sur-,eying these channels because reaches fall into several categories including, stable/unstable

reaches, straight/ileandering reaches and reaches which have either a predominantly

agricultural or wooded riparian zone. The debris jams in each reach have been surveycd in 0

detail to determine the mechanisms and locations of debris input, jam impact upon channel

morphology and sediment routing and jam stability over time. The final of these objectives has

been assessed by comparing the survey results of the current study with those obtained in the

1994/1995 research effort (see Wallerstein, 1995).

An up to date review of the literature concerning the geomorphic impacts of in-channel

L.WI), and cur rent LWD management strategies is presented.

Survey ;nd reconnaissance results are presented and analysed. Findings show that the t

loc'itions of debris input may be predicted usiniý simple geomorphic variables. Th'e frequency

of' ams and volume of debris appear to only be very weakly related to drainage basin a, ca,

composite channel width and unit stream power, which are three potentially p c'dictive

in.,ependent variables. The distribution of sedimentation and wcoi r associated with debris jams

"appears to have an explainable distribution when related to drainage basin area. ('omparison of'

May 1904 with May 1995 long profile data sets shows that the majority of aons hi•ve remained

in place over the intervening period, only minor jams appear to huve been displaced and

several new jams have been recorded and lare1ely attributed to debt is input caused boy bank
inst abil it y,,
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An updated version of the LWD Management Program presented in Wallerstein (1995) is

enclosed, on a disk, with this document. A second program is presented here (also enclosed

on the disk) which calculates the probability of debris build-up at bridge piers, and the

associated debris induced scour, based upon modified theoretical equations published by

Melville and Dongol (1992) and Simons and Li (1979).

Preliminary conclusions and management recommendations are made, based upon the findings •

obtained thus far.
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UNITS OF MEASUREMENT

Units of measurement used in this rcF;.ri can be converted as fol!ows:

To conver, To Multiply by

inches (in) miflimetres (m'n) 25.4

feet (fl) meterv (im) 0.305

yards (yd) meters.i(m) 0.914 l
mik's (Mi) kilometres (kin) Iýi

square miles (&q. miles) square kilomeires (kmn) 2 59

cubic feet per second (cfs) cubic meters per secotnd (cms) 0.0283 S
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1/ I INTRODUCTION

There has been increasing interest in the role of vegetation in fluvial geomorphology in recent

years because it has been recognised that rivef dynamics cannot be fully understood without

taking into account the impact that vegetation has upon bank stability, flow velocity, and

riverine habitat.

As a consequence the study of in-channel Large Woody Debris (LWD) or Coarse Woody 0

Debris (CWD) as it is sometimes referred to (that is trees, branches and other larger organic

matter, operationally defined as material with a length greater than I metre) and its

accumulation as jams or dams and impact upon the channel environment has become a topic

receiving increa:iing research interest over the past 5 to 10 years.

In a review of relevant literature undertaken in an earlier study (Wallerstein 1994) it was

established that a large proportion of the research performed to date has been carried out in

upland areas, and in stable, gravel bed rivers such as in the Pacific North West (Hlogan et. al.,

1995; Fetherston et. al.; 1995) to determine the impact of LWD on salmon habitat and

migration, and in relation to logging operations and forest management. Very little is known

about the impact of LWD in sand bed, or unstable rivers. Much of the work is fairly qualitative 0

and observational in nature and there has been little emphasis on determining the key variables

at play in LWD dynamics, and the modes of their interaction. Most studies have also been

undertaken in isolated reaches, rather than covering basin-wide debris processes, although

there are one or two notable exceptions (see Gregory et al., 1093).

At present, LWD management is, therefore, conducted from an incomplete understanding of
debris impacts and dynamics and operational maintenance of'debris is carried out on an ad hoc

basis.

The ongoing aim of this csearch effort is to asses the catchment wide impact of I WD over a

wide range of channel sizes but in unstable, rapidly evolving tivers with sand, clay and loes:;

bed and banks. The researcti in this project has been centred on streams in the DFC 0

(ieRiOisi--dtiuri Fiosion Controi) watersheds draining the luffl Line hills of' Northern

Mississippi, which are known to be evolving rapidly in response to complex response in the

fluvial system following catchenit land-u:se changes and past engineering interventions-

The specific aims ol this research are:

• [



I) To collect a large, meaningful data set concerning the reach scale and basin-wide influences

of L'D on channel morphology in a different type of channel environment to that which has

been studied so far, nanMly unstable, rapidly evolving sand-bed rivers.

2) To asses whether there are preferential sites of debris input and accumnlulation within the

channel environment and the stability of debris jams in term of there longevity in a particular

reach. S

3) To investigate how effectively debris jams inhibit or promote bed scour, sediment transport

and storage in order to determine wnether they are net stabilising or destabilising elements in

the system

4)To asses the impact of debris at run-of-river hydraulic structures such as grade controls,

bridges, bendway weirs, locks and dam sluices.

5) To develop a set of guidelines for in-channel LWD management that could be used by

engineers and river managers as an aid to assessment, design and maintenance of' stable •

channels, and guidelines for I,WI) management technologies at run-olIriver stuctulres.

This report presents an up to date review of literature concerning the geomorphological

impact of lWl) and LWI) management strategies.

Data collection was undertaken during a three week survey program in May I995 with the

assistance of the Colorado State University DF(' survey crew. A comprehensive

reconnaissance survey was made of all debris jams in the 23 study reaches, and each site was

also surveyed into the long profile and cross section data to enable comparison with the data

obtained in May IQ94 Analysis of these data are include within this report.

The geomorphological characteristics of jams in each reach have been analysed and plotted

against independ emt catchmenl v;mriahles, including drainage basin area, st ream power and

average channel top width to determine whether the geomorphological ellects of I.WI) have a

coherent and predictable, spatial iclationship. l)ebris lain scdiment budgets have also been

calculated and related to spatial parameters to determine whether the net inmpact of debris janis

is sediment retention or sedinment sc(lim- and mibhilisation An untderstiandiru of' this factor ns

important as it will indicate whether IWl) is a net stabilising or d estabilising agent in sand-

bed rI Ve s

[his report also contains an updated version of the IWI) Management Program that was first

presentcd in Wallerslcin1 (I99

4P



3 A second program has also been developid, and is presented here, which calculates the

probability of debris build up at bridge piers, and the associated debris induced scour, based

upon modified theoietical equations published by Melville and Dongol (1992) and Simons and 0

Li (1979). These two programs are discussed in chapter 5. The two programs art, included on

a .Jisk inside the back cover of this report., ar ý user manuals are included in Appendices I and

The long-term aim of this research is an improved understanding of the basin-wide impact of

LWD dynamics in unstable and stable channel environments and the development of coherent

basin-wid3 debris management strategies for erosion control, habitat enhancement, and

maintenance/design procedure for DEC and run-of-river structures, based upon sound

goomornhic and engineering analysis.
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2 LITERATURE REVIEW

2.1 INTRODUCTION
0

Organic or woody debris is an important channel independent variable in many fluvial systemns

(Hogan, 1987). For example, Bevan (1948; quoted in Keller and Macdonald, 1995) concluded

that in the Middle Fork Willamette River, Oregon, woody debris was responsible for more

channel changes than any other factor.

In a literature review of published material then available, Hickin (1984) suggested that

vegetation may influence channel processes through five mechanisms:

a) Flow resistance

b) Bank strength

c) Bar sedimentation

d) Formation of log jams

e) Concave-bank bench deposits

Hogan also identified that the literature concerning this subject was of two main types: that

dealing with the indirect influence relations between vegetation, water, sediment yields and

river morphology; and that dealing with the direct impacts of channel vegetation on channel 0

morphology.

Since the 1980's the number of papers dealing with vegetation in rivers has increased

markedly, however, including a number of studies concerning Coarse Woody Debris (CWD),

(Nakamura & Swanson, 1903), Large Organic Debris (LOD) (Hogan, 1987) or Large Woody

Debris (LWD), (Smith & Shields, 19Q2) and its acc,,mulation as jams or dams in river

channels.

Studies can be grouped by topic into those dealing primarily with .

a) Input processes, distribution and residence time of [WI)

b) Geomorlphic significance of I.WD

c) Ecological impact of l.WDI

The physical processes involved in each topic vary depending upon the size of the stream

relative to that of the ('WI) (Nakamura .i al, 1993)

Most studies have been carried out in essentially stable channel environmenis in the U9S and

Canadian Pacific Northwest. the UK, and Now Zealand. Instability, in the form of landsliding.

is cited by Pearce & Watson (I 981) as a means for debris to enter channels, but, more

generally, the stidy offdehrl S impacts in inliwrently instable chaniels has no! hi-en addressed.

4



2.2 INPUT PROCESSES, FORMATION AND RESIDENCE TIME OF LWD

2.2.1 Input Processes

Large Organic Debris enters river systems by two main processes; either from outside the

channel due to bank erosion. mass wasting, windthrow, collapse of trees due ;o ice loading or
biological factors such as deafa and litter fall (Keller, 1979); or from inside tme channel,

through erosion and flotation of emergent and riparian trees (Howan, 1987), (Figure 2.1). 0

Fetherston et al. (1995) suggest that debris inputs are either "'chronic or episodic". Chronic

inputs are frequent but small in magnitude and occur due to tree mortality and bank failure.

while episodic inputs are infrequent but provide a large amount of material. Episodic input

processes include windthrow, ice storm, fire and flond events. The dominance of different

input processes varies widely. For example 45 percent of inpu, s due to windthrow in the

Lymington Basin, UK (Gregory et. al, 1993), while massivc inputs from landsliding of debris

in a mountain catchment arc reported by Pearce & Watson (1983), and by lansliding as a

consequence of logging operations in the Queen Charlotte Island, British Columbia by Hogan

et al. (1995). Keller et al. (1979) suggest that in low gradient, meandering streams inputs are

predominantly the result of bank erosion and mass bank wasting, windthrow and ice loading,

while in mountain streams the main process is debris avalanche, Diehl & Bryan (1994) found

the dominant input process to be bank erosion in unstable rivers ii, Fennessee and noted that

channel instabilitv could be a good indicator of in-channel debris abundance. LWD that has

been input by bank erosion can be identified and distinguished from that which has entered by

other processes because the trees will usually have an asymmetrical root mass due to

progressive slipping of the tree from the bank into the channel (Diehl & Bryan, 1994). Smith

et al., (1993) found debris input to be spatially random. lowever, the locations of zones from

which LWD is supplied will vary as a function of the distribution of riparian vegetation,

streamside topography, channel characteristics and the prevailing wind strength and direction.

(Fetherston et al., '995) It may thcrctirc be possible to dctermine which are the dominant

hiput Iactoi-s based oin ubservailcn: of these factors and, thereby, predict the distribution of

major source areas within the catchnient.

2.2.2 I'ornwation of Janim

Once in a channel, debris may i min into jams or dams Jams ustall y tbrm around "key coarse

woody deb. is" (Nakamura, 1993), which are u.sually large, whole tretus that have entered the

channel by onc oft hc mechanisimis mentioned above and which may he anchoied to the bed or

-•mlmllmmn. •+-
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" banks at one or both ends. Smaller debris floating down the channel then accumulates against

the key elements, which acts as a sieve to debris J, later to sediment. If there is no fine

debris in the stream a mature jam nmay i ever form, so that the impact of key-debris is minimal.

The location of debris jams within the channel, their size and their coherence vary as functions

of position in the catchment. In small streams much debris will accumulate where it falls

because the flow is not competent to move coarse material, and it is in larger streams that 0

distinct jams may form. In yet larger rivers debris may never accumulate because it is carried

away downstream. Piegay (1993) observed debris distcibution in a sixth order river in France

and found that most material was deposited on the channel margins, forming a narrow debris

line rather than in-flow jams, Wallance & Benke (1984) noted a similar distribution in

meandering rivers in the south east USA where dense, partial jams formed at a angle to the

main flow. As mean channel dimensions and flow competence increase downstream more and

more debris will be moved from its position of input, until all but the h.,qest trees are

transported. This process relationship may rsuit in a trend of reducing LWI) frequency

downstream, but, at the same time, an increase in the volumetric size of each jam (Swanson et.

al., 1982).

2.2.3 Residence time of debris jams

The residence time, or persistence, of debris jams is an important factor, which determines the

timespan over which channel morphology at a jam site will be affected. The influence exerted

by jams on channel morphology also varies with time as the debris in the jam structure

deteriorates (Hogan et. al., 1995). Assessing residence time is difficult and estimates range

between 12 months, for a 36% change or removal (Gieg(;ry & Gurnell (1985), to 40-90 years

(I logan, 1987), to 200 years for streams in British Columbia (Keller & Tally, 1979). Residence

times may vary as a function of drainage basin area, and are largely dependent upon the return

period of a flood with a magnitude which is capable of entraining a significant proportion of

the trapped debris or moving larger key components of the jam. Other important factors

ffrctJng jam persistence are .verage tree dimn"io.. and wood dtra rate...

al. (1982) discovered that the density and volume of in-channel debris are grcater in rivers

which flow through coniferous forests, than it is in those that flow though deciduous tbrests.

This is 1 2cause conifers arc, on average, taller mid have slower decay rates than deciduous

trees

0
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Figure 2.1 Dynamnics of woody debris (adapted fromu Keller & Swanson, 1979)
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Figure 2.2 Energy transformations in streamis with log steps (adapted from Marston,
1982)
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-12.3 GEOMORPIIC SIGNIFICANCE OF LWD

2.3.1 F, ects of channel scale

It is//milportant to recognise that processes are scale dependent and that the influence of LWD 0
,,'

or1 channel and valley morphology may change systematically downstream through the

r:-twork (Abbe & Montgomery, 1993). Zimmerm.i et al. (1967) found that debris

Accumulations in a very small stream completely obscured the usual hydraulic geometry 0

relations., while Robinson & Beschta (190l)), and Koller & Tally (1V 79) suggest that debris

loadings increase with stream size. Gregoiy et al. (1985), have characterised jams into three

types =

I ) Active (form a complete harrier to water and sediment movement, and create a

distinct step or thll in the channel profile)

2) Complete (a complete barrier to water/sediment movement, but no step formed)

3) Partial (only a partial barrier to flow) 0

They suggest that these ty,.es become sequentially more prevalent as channel size intreases.

Once trees fall into a sream, their influence on channel form and process may be quite

different from that when they were on the banks, changing from tabilising to destabilising

through causing local bed scour and basal erosion of the banks. Thus, jams represcnt a type of

auto-diversion, that is, a change in channel morphology triggered by the fliivial process itself

(Keller & Swanson, 1979), The type and degree of impact on channel morpholopv depends

primarily on the channel width/tree height ratio and on debris orientation relative to the flow.

Mean discharge and the dominant discharge iecurrence interval are also important because the

higher the flow is relative to jani size, the smaller will be the jam's impact in terms of acting as

a flow diverter and roughness element. The principal effects of debris upon channel S

morphology are described below.

2.3.2 Impact of debris jams upon channel morphology

I,Wi) influences the geomorphology of rivers on three levels (Gray, 1974), the overall channel

form; detailed features of the channel topography; and channel roughness.

lleede (1995), Smith (1993), Andrus et al. (1988) and Mosley (1981) have all observed that

the spatial distribution and number of' pools, rifiles and gravel bars is positively related to the

distribution and volume of [WI) in the channel. Thi relationship has been explained through

laboratory experiments by Smith & Beschta (1 994), who Ibund that the pool-riflle sequence in

I
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Figure 2.3 Schematic dIiagnraris of pool types (Modified from Robinson and Beqchta,
1990)
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gravel-bed rivers is maintained by a combination of mean boundary shear stress and

intermittent li11 and drag forces (wec to velocity fluctuations ajound debris. Random debris

input will also distort the pool-riffle sequence, making it less systernatic, so that the long-

profile has very little spatial memory, or periodicity (Robinson & Besclita, 1990) Robinson

and Beschla ( 1990) devised a pool classification system, containing six pool categories (lateral

scour, fluvial, p)lunge, under flow, cl -hector and darn) based on flow and debris interaction (see

figure 2.3). Other Studies have shown that a co~nsiderable proportion of' the vertical Call of'

channels an occur at the sites of (jebris jamns, accounting for- a 4% of the vertical drop) along a

41I2uii i, _ýh of channel in Verniorit (Thompson, 1995) and 6O% of tho- total drop In L ittIle L ost



Man Creek in Northern California (Keller & Tally, 1)79). Debris jams, therefore, act as lozal

base levels and sediment storage zones which provide a buffer in the sediment routing system

(Heede, 1985, Bilby, 1981). Thompson (1995) found that LWD causes an important negative

feedback mechanism, where, in the case of channel degradation, there is an increase in debris

input due to mass bank failure, which in turn causes greater sediment storage. Channel bed

elevation is consequently raised once more and the rate of bank failure and debris input is

thereby reduced. On this basis, Klein et al. (1987) argue that jam removal can reduce the base

level for the channel upstream and may trigger bank erosion. However, in an experimental
study by Smith et al. (I993a and b) ;t was found that, while the removal of debris from a small

gravel bed stream initially caused a four fold increase in bed load transport at bankfull flow,

the associated loss of scour turbulence and greater flow resistance imparted by alternate bars

actually resuled in a reduction in stream power which was compensated for by sediment

deposition and net channel aggredation. 0

Potential energy is dissipated at jams, with energy loss being as much as 6% of total potential

energy (MacDonald et al., 1982). Shields & Smith (1992) found that the Darcy-Weisbach

friction factor was 409 % higher at base flow in an uncleared river reach compared to a clear

condition, but that this value declined to 35% at high flows. The velocity distribution is also

far more heterogeneous in debris-filled reaches, especially at low flow. Changes of stream

power distribution due to flow resistance effects in turn give jams the ability to influence the
0

location of erosional and depositional processes, Also the backwater effect created by jam

back-pools may induce local silting (Koller et al. 1976). Thus, in small, stable channels, log

steps generally increase bank stability and reduce sediment transport rates by creating falls,

runs and hydraulic jumps. •

Figure 2.2 shows how potential energy is lost through a log-step sequence as outlined by

Marston (1982). The localised dissipation of energy can, I vever, result in associated local

scour and bank erosion which causes channel widening. Bank failure may also occur through

H1ow diversion around a debris obstruction (Murgatroyd & Ternan, 1983). Davis & Gregory

(1994) have also stuggest( d a mechanism whereby bank failure is induced through the erosion

,i' a porous, gravel, bank sudbsu face due to the pleater hydrostatic pressure caused by debris

daimiied flow. ('onversely, Keller & T'ally ( 197)) have observed, that flow convergence under

logs may cause channel narrowing, with sediment storage upstream annl a scour-pool

downsti'ani of the log step.

II
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"' ! As drainage area increases, and the chaniel width/tiee size ratio exceeds unity, flow is diverted

laterally, inducing bank erosion through local basal scour. Hogan (1987) found that in

undistucbed channels in British Columbia organic debris orientated diagonally across the -

channel resulted in high v.'idth and depth variability. However, in catchments where thcre had

been logging operations the majority of in-channel discarded timber was orientated parallel to

the flow md it subsequently became incorporated into the stream banks, protecting them from 4 -

erosion. Nakamura & Swanson (1993) and Keller & Swanson (1979) have suggested ti,

there is a progression of types of interaction between debris jam and channel processes,

ranging from local base level control and possible loca! widening in low-order streams, to

lateral channel shifis and even meander cut-off in middle-order channels, where debris is

moved into larger more coherent jams which may either increase or decrease the channel

"stability depending upon the erodibility of bed and banks. In larger channels still, bars may

"form and flow bifurcate around debris obstructions. This last process has been documented by 0

"Nanson (1981) in British Columbia, who found that organic debris deposited at 'ow flow

provided the nuclei for development of scroll bars, through the local reduction of stream

power. Hickin (1984) also observed crib-like bar-head features, but was undecided regarding

whether the debris caused bar formation, or whether the bars pre-dated and trapped the debris.

In either case, organic debris would, at the very least, eihance sediment deposition and bar

fbrmation.

2.4 ECOLOGICAL IMPACT OF LWD 0
LWD dams are very important in small stream ecosystems because they provide a source of

organic matter and retain floating leaves and twigs iin [ie dam structure antd backwater pools.

This coarse particulate organic matter (CPOM) is broken down in the low energy pool ) ,

environment by shredder invertebrates, creating fine particulate organic matter (IPOM) and

dissolved organic matter (D)OM), which are the required energy sources of a succession of

invertebrate species who are, in turn, the energy source of high fauna species. lilby & Likens

I70k~j 1kk;1U tiuili 11I7 ccii~k;agU 0il 111C TsI(ummig stOcK of oiganic matiro reianei by jans

chang4ed from 75% in first order, to 58% in second order., to 20/0/ in third order sireams

because the prevalence of' dam type jams declined downstream. The volume of (TPOM

therefore declines downsiream, while the volume of IFPOM and D)OM increases. This gives •

rise to a spatially varied invertebrate community, changing firom shredders in simall channels to

gathers of' [IP()M downisircam Smock et al. (19Q89) and Wallance & ienke (1984) found

12
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similar correlations between debris volume and invcrtebraic abundance in sand-bed streams,

where debris provides the only stable substrate for organic matter retention and invertebrate
habitat. Higher species, such as fish, use debris and associated pools for shade, protection

from predators, feeding and spawning grounds. The pools and falls created by log step.- also

help to oxygenate the flow, and provide a variety of different energy environments which are

"(an be colonised by niche species.

In addition to providing essential fauna habitat, LWD is also a vital factor in the development

of the riparian forest mosaic (Fetherston et. al., 1995). Debris deposition in the channel and on

the floodplain creates sites of low boundary shear-stress where vegetation colonisation can 0

., take place. This leads to the development of vegetation stabilised islands and bars (affecting

the geomorphological development of the channel) which may subsequently coalesce and/or

become attached to the bankline to form new areas of fbrested floodplain t! t provide shade,

bank stability and supply and storage of organic matter, sediment, water and new LWD.

Figure 2.4 shows a modified version of the LWD-driven model of Fetherston et al., (1995) tfr

riparian fo)rest development, based upon research findings from the Pazific Northwest

Figure 2.4 Conceptual model of montane riparian forest development. (Modified from
Fellierston et al., 1995)
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2.5 MANAGEMENT STRATE(IES

Until basic research concerning in-channel LWD began to suggest otherwise, it was commonly

believed that LWD was detrimental to the fluvial system, hydraulically, ecologically and

geomorphically. Oil this basis, reasons for debris removal included

a) To improve navigation,

b) To increase channel conveyance by reducing roughness; S

c) To eliminate bank erosion;

d) To facilitate the migration of fish, especially salmon (MacDonald, 1982),

It is now recognised that there are advantages to be gained by maintaining or even increasing

in-channel debris accumulations (Gregory & Davis, 1992; Keller & McDonald, 1995).

Management strategies that are currently advocated vary widely, however. This perhaps

reflects our, as yet, incomplete understanding of LWD dynamics in different channel

environments, and because goals vary between different management strategies. In this respect

effective debris management depends on the underlying aims of the proposed management

action

Successful management also depends upon a comprehensive understanding of the following

hydrogeomorphological factors (Gregory & Davis, 1992)

a) The relationship between river channel processes and river channel morphology;

b) Awareness of the timescales over which river channels may adjust;

c) Consideration of channel management in the wider context of river basin

management

More specifically, debiis management must consider

a) Channel stream power characteristics; *

h) Sediment movement and storage relationships (high/low; tine/coarse sediment;

sLIspended/bedload);

c) ('hannel stability;

d)I Size and 01-racte, of river ch!'nncl in relation to debris iz

e) Spacing and frequency of janis,

f) Size and character of jams, and oi icaItations of component material;

7) Age and stability of'coniponent materials. S

In an evaluation of soft engineering flor instrcam structures, including soniC usinti, woody

debris, to mitigate the effects of'highway construction in li itish ('olumbia, Miles (1995) found

I'0
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that nearly 50% of the structures had been severely damaged after 8 to 14 years. Miles

attributed this problem to insufficient understanding and consideration of the stability of the

structures in a high energy river environment, Fie concludes that soft restoration techniques

may not be appropriate in highly energetic mountain rivers, and that if restoration is to be

performed, finding must be made available for lcng trm monitoring and maintenance

There appears, in general, to be a consensus of opinion amongst researchers interested in t

LWD regarding appropriate management approaches for channel restoration. Bren (1993) and

Nunnally (1978) argued that the riparian zone should be left undisturbed, in a natural state

(although defining natural is difficult in most channels), and that, because debris is so

important fbr the river ecosystem, debris jams should be left in place. Keller and McDonald

(1995) studied catchments which had been disturbed by logging operations. They

recommended that a riparian buffer strip should be left to maintain the natural IWD supply

and warned that landsliding events caused by badly controlled logging operations, can cause

excessive LWI) input which is detrimental to stream habitat and flow and sediment

conveyance. There may be a case in streams lacking a wooded riparian strip for the

introduction of debris jams (Keller & McDonald, 1995). If a debris recharge policy is to be

implemented, however, it is important that debris jam volume and orientation emulates the

values which would be found under natural conditions (Robinson & I3eschta, 1990). Wallace

& Benke (1984) concluded that, in most instances, the best management is probably no
O

management except where adjacent floodplains have to be protcctcd from flooding

Comprehensive studies of coarse woody debris in relation to river channel management have

been carried out by Gregory and l)avis (1992) and Gurnell and Gregory (I1995a and h). The

collation of analyses from twenty two research papers with primary field studies carried oul in •

the New Forest, UK, (regory & Davis ( 992) demonstrated the significance of i.WI) to

channel morphology, processes and ecology (Figure 2.5) and produced a preliminary table of'

debris management criteria based upon their findings (Figure 2.6). They conclude that "... a

conservative approach to dehris removal shohld be adopted f1r most aeas, but that different

strategies are needed according to the characteristics of particular localities" ((Gregory and

l)avis, 1992, pg. 133).

It should be noted, howevei, that this study, in COT11n(In with most others cited, was Carried

out in ain essentially stable, equilibriuni channel envii,,,mreni wheri- changes to channel

ii rpl h olgy a re nI)glgi ,iblC and signiticant impacti; ,late m ostly to ecroho ical habitat diversity.
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Also, little attention is paid to "different strategies" that may be required in contrasting channel

environments and there is no discussion of conflicts between practices advocated by various

organisations in the IJSA. For example, Gregory & Davis (1992) suggest that, based on their 0

literature Survey, no debris should be removed from channels exhibiting low stability (Figure

2.7). However, this contradicts the practice described by Brookes (1985, pg. 64), "In North

America the concept of channel restoration was developed in North Carolina under the

funding of the Water Resources Research Institute of the State University ... Restoration is

achieved by removing debris jams and providing uniform channel cross-sections avd gradients

whilst preserving meanders, leaving as many trees as possible along the stream banks, and

stabilising banks with vegetation and rip-rap where arccessary ....

Similar approaches, have been documented and carried out by numerous researchers and

organisations in the USA, including; McConnel et al. (1980), based upon work on the Wolf

River, Tennessee; the American Fisheries Society (1983), in a publication entitled "'Stream -

Obstruction Removal Guidelines", (see Figure 2.8); Shields and Nunnally (1984); and Palmiter

(Institute of Environmental Sciences, 1982).

The recommendations cf Palmiter (1982) include the following

a) Removal of log-jam material by cutting it to a manageable size;

b) Protection of eroding banks using brush piles and log-jam material, with rope and

wire,

c) Remov•i of sand and gravel using brush-pile deflectors;-

d) Revegetation to stabilise banks and shade-out aquatic plants;

e) Removal of potential obstiructions such as trees and branches;

Willeke & Baldwin (1984) assessed the IPahniter techniques and found them suitable fo; areas

experiencing chronic, low intensity flooding and bank erosion, but not advisable for rivers with

extreme flood problems. They are also found to be largely ineffective for erosion control

where the mechanism of bank failure is that of' mass wasting rather than t Iactiv'c force erosion

(1 lasselwander, 1989),

It is evident from the preceding discussion of I,WD management strategis that

recommendations vary considerably, from limited or no intertference, to total clearance of'

debris firom the channel. These apparently contradictmry rcconinlendations must he viewed in i

the light of the overall management programme that they were designed foi as I C(lirenlents

I'r habitat enhancee n!eit dil'er i-oIll I hose fir flood de'ncc,

10
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iFinally, and of great imporiance, is the fact that the recommendations of type made by

Palmite and others, address debris management predominantly in, low gradient, sand-bed, and

perhaps unstable, flood prone rivers (South East USA). while those prescribed by Gregory and

Davis (1992) and others are based upon findings from upland, even montane, gravel-bed

rivers and streams (Pacific Norhwest !JSA) Process relationships between the debris and the

channel are likely to differ between these two types of fluvial environment, although, as yet, 0

these differences have not been recogniscd or investigated. Indeed, while there is a wealth of

research concerning the geomorphological impacts of LWD in upland gravel-bed rivers, there

has been little comparable research in lowland, sand-bed, and/or unstable river environments.

0
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Figure 2.5 TUhe significance of coarse woody debris darns for channel morphology,I channel processes and ecology (modified from Gregory and Davis, 1992)
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Figure 2.6 Determinants foi- a managemlent strategy for rivers ill woodland areas
U (nmodified from Gregory and Davis, 1992)
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Figure 2.7 Definition of Stream Obstruction Conditions (M~odified from American
Fisheries Society, 1983)

Condition One Management Criteria
These streamn segnients have acceptable flow and no work No work toi he LOidjicted.
would be required. 11me may contain various amnounts of'
instrearn debris and finec se'dimnirt, such as silt, sand,
gravel, nibble, boulders, logs and brush. In cer-tain
situations flow may be imipeded, hit due to strean and laud

*classification or adjacent land uist-. thiir, is inot a problern

Condition Two Management Criteria
"*[hese streamn segments currently have no major flow Equipment that will aansw the least damnage to tie
inmpedinments, but existing conditions tire such that eonvironmient shall be selected for perfbimning the work.
obstructions are likely to Formn in thme near Future, causing luist consideration will be given to thie use of hand operatedl
unacceptable pimobiciuts. Ihis condition is gener-ally equipmrent such as axes, chiamisaws, and winches to remove
charaicterised by smnall accumuulat ions of' logs and/or Other accumiulations. IBoats withi motors may be used where
debris which occasiomiallY span the entire streami width. needed. When the us-e of' hand operamted tools% is niet fe~asible,
ALCurnulations are isolated, not massive and do riot heavier cqnipnieiit may boe nsed, e.g. small tractors,
presently cause upstreamn ponding, damage. backhoes, bulidoz~cis. log skidders and low PSI cqtm'pmnent.

Eqipmen shall >'ic imperatel in a mnanner that res'.alts ill
least daninage to vegetation and soils of the project area. lit
soniceases explosives inay he used resulting iii less
damnage. I )bris designiated loricireoval fiomn the stream or
f'loodwary should be removed or secured fin suich af nmariner as
to restrict its rec-entry into the channel. (iaici ally, it should
he xsi tioned so as to redluce floodi Ilow, imipedimnent

Conidition Three M~anagement Criteria
These streami segmrents have uiaccept-ble flow problems, Eimupinent luimitat ions will bw the saune as fir condition two
ObstrUctions are generally cha Wc42ised by' lnacg se,',mcntrts. Work shall be accomnplishied withiin the climiiel
accumuilations of lodgedl frees, root ads, and/or otiier or front one side ofAI ti AnuIl where ptossible. Selective
debris thiat trequeiitly spani thme entire stream w~idth tree clemmritiv. shall be limited to the rninimwun necessary for
Although impeded, somec flow moves through the equipment access and efficictn operation of eqluipmencrt onl
obstruction. L arge amniounts of sedirnent have not covered or the woi'-ed tide Of thle clumnoel. i )sxv,41l of equipmrent muly
lodlged in the obstruction W m milipl iscedf by rcnrovil'g it iroin i the flood 1 laimi or by

ha, mm ,, bulryting of piling, as appropria lc, with tile
I 0i 'ý1 an ,')i 1' Of' di.4tiurhuoeC! to VegCtatiom I I 'il~ed debris

--. t- l it frequent ni ciitvats and at tall tributaries
ist rifota-ies;.

Condition Four '~anagenient Criteria
Thiese streaml segimiell ic IsteChtnactenseLf by nmafoi . luckage reinoximt may emrploy ails equiipmenit neccessary to
blockages causing una;Icceptab~le flow pirobhlemts. iwcem mt;lishti lie work ]ii the I ast &umninwing uitinner. Work
)bStruef louis conisi st 0(tIuItiptCt(I debiri s and/or' d-briis tlvi slmoiiI be acconiplishmed fron, one side o [l tie chaninel Where

weverely- i strict floW pj act cl. Mater ial shiah I le dispnsied ti accorda nce witfh
giuidelinecs pieseiuicci above for coindi tion thtree segimuncits
Spil)J piles slimtild be entisinmeted as tight is edimetll
jproperies allow I lie phaceii ciii of spoil a roumnd [lfie base of

______________________________________ittaturm, trees shouitld lwatvoidcd.

Condition Five Management Criteria
I hie-se stream secgmnults pxsi;s ielit uique, i;eit:a i ye, ii; Specitil privi 'll fol ro~ltc~tiing 1 iniqIite, sci siti VC, or
especially vtulnahlc biotic resources and should he dealft pnFXliiLcfi c biotic i esources shall be develop-ed by
with oilit a cse-l) 'Y-clise basis. I'\miiiples incuictde, hut tire not appriopriate pi le;if cmiduu~ls (I I a disc by ease basis.
Iittiitedl to: Areas" halil hlilyg mtitle or elimdaligei c species.
shllifish beds, fvis spaiwning naui rai ung areas-, and- _____]*
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3 RESEARCH METHODS

Field data collection for the current project was carried out in May/June 1995 with the co-

operation of the DEC survey crew from Colorado State University. Twenty three channel

reaches were surveyed in the DEC monitoring catchments, which are located in the Yazoo

Basin, northern Mississippi. Figure 3.2 shows a geological map of Mississippi with the DEC

project area marked. Figure 3.3 shows the rivers and maijr catchments of the project area in

more detail.

Reaches, of between 4000 and 12000 ft, were surveyed on the following creeks:

Nolehoe Creek Sarter Creek Lick Creek

Burney Branch James Wolf Creek Long Creek

Sykes Creek Hotopha Creek Fannegusha Creek

Worsham Creek (East) Worsham Crek (Middle) Worsham Creek (West)

Abiaca Creek Harland Creek Red Banks Creek 0

Otoucalofa Cret• Coila Creek Lee Creek

Peru', Creek Hickahala Creek Marcum Creek

A full description of the DEC monitoring site characteristics is given in Watson et al. (1993). 0

These surveys provided a comprehensive data-set, which not only covers a range of drainage

basin areas, from 4 to 100 miles square, but also allows comparison of debris loadings

between reaches with wooded and agricultural riparian zones, between straight and

meandering reaches and between highly unstable and stabilising or equilibrium reaches,

Debris jam sites have bcen surveyed into the thalweg and cross section data for each creek so

that there position and associated changes in local channel geomorphology can he monitored

over time. Data from the current survey has been processed and overlaid and compared with 0

that collected in May 1994 so that an assessment can be made of the rate of debris input, of1

the longevity of jams and therefore their effectiveness as geomorphological chaonel controls,

and the changing patterns of associated sedimentation and erosion.

Geomorphological reconnaissance was also carried out at each jam site to documnent the

volume of debris in each jam, its mode of input into the channel, to deteimine the jani type in

terms of impact upon flow pattern and erosion, and to measure the volume of' sediment

retained in backwater areas or bars. The following variables were assessed at ea(h jam site:

1) l)ebris jam volume : Lstimated wltolme of'woody material (mA) in eachjitm. values are then

summed for each survey reach.

?10



2) Nlorphologifal classification : A debris classification system, modified from one developed

by Robinson and Beschta (1989), which describes the geomorphological impact of debris jams

throughout the drainage network. Figure 2.3 shows the original classification scheme and

figure 5.1 shows the modified version. Jam classification types arc as follows:

(inderflowiams : In small catchments where fallen trees span the channel at bank-full level.

Local bed scour may occur under debris at high flows, otherwise the in-channel S

geomorphic impact of the LWD is minimal.

1)am jams : In channels where the average tree height to channel width ratio is rough equal to

one, so that debris completely spans the chaInel cross-section. This type of jam causes

significant local bank erosion and bed scoul due to flow constriction, and backwater

effects will cause sediment deposition in the lower energy environment upstream. Bars

may also form immediately dowui:.ream of the jam.

l)efleclorfirms : Found where input debris does not quite span the channel so that flow is

deflected against one or both of the banks causing localised bed scour and bank

erosion. Subsequent bank failure results in the input of new LWD material to the reach

so that the jam builds up further. Backwater sediment wedges and downstream bars

may form at this type of jam provided that stream power is dissipated hy the jam below

the critical level for the bed load and suspended sediment transport.

I,'kow Paralle, lams : Found where channel width is significantly greater than the key-debris

length, and flows are competent enough to rotate ,ebris so that it lies parallel to tile

flow. Debris is also transported downstream in high flows and deposited against the

bank-base on the outside of meander bends or at channel obstructions such as man-

made structures. Related bank erosion and bed scour will be minimal, and bank toes 0

may even be stabilised by debris build-up. Flow parallel debris may also initiate or

accelerate the formation of mid-channel and lateral bars.

3) Blockage classification: Jams are classified, using the scheme developed by Gregory et al. 0

(1985), according to their potential to block the downstream movement of' water and

sediment. The classification types aec:

Aciive: Jam forms a complete barrier to water and sediment movement and also creates a
*

distinct step or fall in the channel pro lde.

("omnlih',e: complete barrier to water/sediment nmovmentini, but no significant step,

J'arlial: Jam is nly a partial barier ito flow.

220
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I 4) Alpha/ Beta Indices: The alpha angle describes the predominant alignment of the debris in

the channel with respect to the flow direction. These indices were first used by ('herry and

Beschta (1986) in connection with I,WD flume experiments. The Beta angle is a measure of

the predominant orientation of the debris jam material in the vertical plane, at ninety degrees

to the flow direction. See figure 3. 1 below.

Figure 3.1 Alpha and Beta Indices (modified from Cherry and Beschta, 1986) S

Alpha Index (degrees) Beta lnde'ý (degrees)

90

180

5) Sintosity A visual estimate of channel sinuosity in the jam reach (straight, slightly sinuous,

sinuous, meandering).

6) Knickzones : Presence of Kickpoints or knickzones in the channel reach (a measure of'

channel instability).

7) Sediment " Bedload 1) ,) classification (clay, silt, sand, gravel)

8) Deposition/Scour : Estimated volume of bar deposition, backwater sedimentation and

bed/bank scour induced by each jam. Total deposition and scour values are then calculated fior

each channel reach.

The debris volume and debris frequency measures, morphological classification jam

sedimentation and erosion, and net jam sediment bubgets in each reach have been and plotted

against three independant catchment variables. These are; reach drainage basin arca, average

reach channel width; and reach average unit stream power. I Jnit stream power is calcuhtLed

using the tblhowing equation:

21
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p... (3.1)
w

where: (o st eam power per unit bed area N/mIs 0

p density of water kg/mr

g - gravitational constant (Q.81 m/s/s)

Q predicted Q2 discharge (cumecs)

s bed slope (m/m)

w reach average channel width (m)

These independent catchment variables are used to determine whether the geomorphological

effects of LWD have a coherent and predictable spatial relationship.

2

0
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Figure 3.2 Geological map of Mississippi showing the DEC survey area (muodified from

Watson et al., 1993)
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Figure 3.3 DEC project area site location map (modified from Raphelt et al., 1995)
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4 RESI ITS

Results are divided into analysis of debris input Mechanisms. Processes, and Debris jam

residence times.

4.1 INPUT MECHANISMS

Figure 4.1 shows a table of debris input mechanisms at each jam site for each reach which

have significant debris jams. The dominant input mechanism is through outer bank erosion in S

active meanders (43%), followed by input due to reach scale instability (30%). Random input

processes (windthiow, beaver activity and floated material) accounted for only 37% of debris

input in total. Debris input in these unstable rivers is therefore, in general, caused by spatially

predictable phenomena. Debris input zones and major dam accumulation can thus be located,

without resorting to expensive and time consuming field reconnaissance, by using secondary

map data to locate channel reaches which have wooded riparian zones with active meandering

and/or hateral instability due to degradation. In catchments up to about 50 miles square jams 0

appear to form where the key debris (that is large whole trees which initiate jam frirmation) fall

into the channel. Jams are therefore commonly located in bend apices or in unstable reaches

downstream of knickpoints. Figure 4.2 demonstrates this observation, showing debris jam

locations just downstream of bend apices on a planform plot of Abiaca Creek. Jams do not,

however, appear to have a regular or predictable spatial distribution relating to channel bed

topography, such as a location on riffle heads

4.2 IMPACTS UPON CHANNEl, MORPIIOLOGY

4.2.1 Impact upon bed topography

Comparison of thalweg plots from reache-. which are located in wooded riparian zones with

those which are located in agricultural riparian zones show that bed topogra&.hy is generally *

much more varied in wooded reaches. The diftkrence in morphology must be due, in the most

pail, to the presence of debris-induced bed scour and sedimentation because the other

controlling variables, including sediment load and substrate geology are identical.

Thi; difference can he illustrated by, comparing thalweg plots for Redbanks ('reck (fi.gure

4.40), which has a pui, ly agricultural riparian zone, with Worsham ('reek, West Fork (figure

4.3 1) which has a wooded riparian zone,

4.2.2 Debris .lam Reconnaissance analysis

Refei to figUre 4 3 showing the geOtnorphological ieconnaissance lesults I'oM the May 1995

sirvey.
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The following geomorphological varitibles have analysed and plotted against three independent

- catchment variables, drainage basin area, stream power and channel top width; to determine

whether the geomorphological effects of LWD have a coherent and predictable spatial

relationship.

I) Number of Jams per unit reach length

Figure 4.4 shows a plot of the number of debris jams per 10001l of channel, for each reach S

surveyed, against drainage basin area. A negative relationship was expected in thi,, plot

because of the greater flow competence in channels with a larger catchment, however, no r'ear

fun ion is evident in the plot. Jam frequency has also been plotted against reach average

composite channel top width, and reach unit stream power. These are graphed in figures 4.5

and 4.6. Again, however, no relationship, positive or negative is evident in either plot. A

simple spatial relationship is therefore too simple an approach to understanding debris jam

dynamics and it must be recognised that debris jam frequency (and thererorc volume) in 0

particular reaches is also heavily dependant on the comparative rate of debris input processes

at work, in balance with transport from the reach. Input rates may vary enormously, especially

in the environment in question, whei-e heavy debris input through bank erosion is dependant

upon channel instability and active meandering processes, factors which are, to a certain

degree, i idependent of the reach catchment area.

2) Volume of'debris per- unit reach length

Figure 4.7 shows a plot of the volume ot' debris present in each channel per I000/l equivalent

aF inst drainage area. A negative trend in this plot might have been expected because more

debris is likely to be mobilised in larger catchments due to greater flow competence and the

increasing channel dimensions as compared to the average key debris size. There is no S

significant trend evitdent, however., the plot being almost horizontal, with the exception of one

or two reaches, most notably Ahiaca 6 (drainage area 01) ri). It is possible that, rather than

debris volume being a smooth Ii|:ietion olfdrainage area, a step in the debris transl,)ort capacityI

exists dire to :o•iv threshold discharge value I'r transport of the key in-channel debris.

Although a step exists between the volume in Abiaca 6 and the other reaches in smaller

caichn'cnt s, thole is irisullicicrit data over the ftll range of drainage area displayed to

demonstrate such a phenomnena :•rnclusively. Plots ol debris volthnie agwinsl coimposite channel

width (figure 4 X) and stream power per tIni! channel wid h (flignite 1 0) also show nI(
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significant directional trend, again where negative relationship may have reasonably been

expected.

3IFlow deflection classification

Figure 4. 10 shows a bar chart of jam morphological classification plotted against drainage

basin area classes with a 10 mi' interval. Unfortunately, because there are not an equal number

of,,hservations in each category it is very difficult to make a meaningful interpretation of the

different distributions in each category. If, however, the categories containing debris jams are

taken as representational oftall the jams present over that range, the distribution shows a weak
trend from dam type jams in catchments less than 10 ni 2 through to a dominance of parallel

jams in larger catchments (> 40 mi2).

4)FID -Y blockage classification

The influence thit each jam has, in terms of blocking flow and sediment movement is

qualitatively described using the Active/Complete/ Partial classification (see chapter 3). Partial 0

jams make up 82% of the total, complete jams 14% and active jams only 4% (see figure 4.3).

The majority of jams are therelore partial and do not cause significant backwater effects and

backwater sediment wedge formation, Log steps, which are a majol feature associated with

debris jams in gravel bed rivers (see Macdonald, 1982) arc therefore not a prevalent feature in

these unstable, sand-bed creeks.

5_Alpha angle

'The Alpha variable describes the mean angle of orientation of debris relative to the channel

flow direction. There is no distinct relationship with increasing drainage basin area (no plot

shown), although it could be theorised that the alpha angle would increase from 90 to 180

degrees as drainage area (and therefore channel width and mean discharge) becomes larger *
due to greater flow forces in larger channels causing the rotation of trees parallel with Ihc

current. The results in figure 4.3 show that fitly eight percent of the sites have a mean debris

direction of 90 degrees, 24 percent have a mean direction of ('I H degrees, and 18 percent have

a meain direction between 90 and 180 degrees. It is evident therefore that thu majority of trees

enter the channel at 90 degrees to the flow, sonic are siibsequently rotated by the folcc of

flow, but these observations demronstrate that the tree length/channel width index, which has

been used to describe blockage, and flow disturbance, by debris, is qleite jJustitied tir modelling 0

PtllOSCSt (sec WallCrstlin 19')5).

6) lleta aniI_

7•S
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The Beta variable describes the mean angle of debris in relation to the channel bed. D)ebris that

rests on the channel bed along its entire length has a value of 0 degrees, while debris which has

one end in the channel and the other end supported on the bank has a Beta value ranging 0

between 0 and 90 degrees. Referring to figure 4.3, data show that eighty five percent of

debris jams have an average beta angle of 0 degrees, while only 15 percent have a beta angle

greater than 5 degrees. Thus, at the majority of sites debris will offer maximum blockage area

at low flows, helping to retain sediment transported in the flow, but at the same time causing

flow constriction and deflection which may result in bank fhilure. Debris inclined more than 5

degrees appears to be more prevalent at creeks which have a low width to depth ratio, such as

Nolehoe creek where the w/d ratio approaches I in certain sections, the obvious reason for

this relationship being that trees falling into these channels will rotate more than 90 degree

before coming to rest (unless they span the channel).

Debris Beta angle will affect the morphological impact that a jam has upon the channel. _

Steeply inclined debris is unlikely to cause significant flow deflection and will have a low

sediment retention capacity as compared with debris lying parallel to the channel bed.

Significant bank erosion or bar formation is therefore unlikely, however, localised scour

around the debris will cause pools to form akin to those caused by flow round bridge piers.

Debris lying on the channel bed along its fill length will have greater interaction with the flow

"and a range of features may develop depending upon the sediment type, and stage of flow.

Such debris inclination also offers at greater upstream area on which to trap floating debris,

and these jams will consequently grow, and become more coherent structures, at a faster rate

than inclined debris formations. See figure 4 1 I

Figure 4.11 : Flow patterns arouund debris with differetit incliouttions 0

Beta Anle 20 degree,,. Beta Angle 0 dcgrees
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7) Sedimentation and scour associated with debris'jams

Sedimentation and scour values for each site are shown in figure 4.3. These values have bbeenn

graphed in figure 4~.12 against drainage basin area, against unit channel width in figure 4. 13,

and al'~ainst streamn power per unit width in figure 4. 14. Triangles represent sediment retention,

through backwater and bar deposits, for each creek, averaged over 1000 ft. Rectangles

;epresent bed SCOUr due to flow rest riction and turbulence around debris J ams.ý for eac;h creek,

averaged over 1000 ft of channel. While no distinct pattern ernvý,rges in any of the three plots,

in figure 4.12 it is evident that sedli-ew ation and Scour values are low at sites less than 10 mi',

then increase to a peak at between 210 and 40 mi- and then appear to decline in larger

catchments. This trend is also vaguely apparent in figure 4. 1.1 with sedimentation rising to a

peak at a channel width of around 58 ft 1 len declining to zero at 108 ft The peak value for

scitur in tigurv 4 12. discounting the extreme value at 24 nil t ies at around 19 mi2 while the

peak value for sedimentation lies at around 42 m2 This peak distribution is contradiectd0

somehat n te coposte wdthplotwhee scour values peak at a larger width than that for

sed~tlentatiori. however, the general pattern can be explained if it is linked to the idealised

dehK' I -hinnel interaction c,.,rves outlined in Wallerstein (199'1 k- values for bed scour lie 4

in the zone where underflovw and damn-type jams are likely to be prevalent, that is, where flow

.is coristricted and, in ti-, underflow darn case, forced to impinge on the channel bed resulting

In the lormiation of scour holes Scour values thcn tail away as flow constrict~on around debris

ri; reduced as channul wdsbecome igreater than the average debris length. Sedimentation

values ivca` at A.1"Irlv largter drainatge areas, where jams arc either of' the damn or deflecto

type D~am type Janis will trap sccdiiftnt 1;. 'he backwater area, while deflector dams often have

a nir dowv.streani o' the -lam ,ite io energy dissipAion and law/mid flow deflection towards

the c-hannel bank In Lirtger chauricl~s still, Janis beconie flow parallel mdoccupy -. smaller

plcOcfnt?%),e of' ; channel c'ros,, sction.. so that s'edirnentation, th~ouegh ýLncqeig isiato

AIOl!id Thle 06Ais.. beco -~s les 1': ýlv The idealised distribution of' debris related

sc Mninaj n scour with ;mccs easint., dra na1y;' ha;in a ;rea V. ýrmown in figurc 4. 11 5 McowN

(111't 7;C 1ecaen1.SCGd that it;i Aflen d~i cu it to atmribut e ait is of sedinieni atioti or scour

..;pcclitcal lV to a debt11 is11 -a V I S iS C!:ncc'allV 11W Case willh aireas of bar sedimentation in lay, ,er

Ct)MMMhCVý whic i~ ChLUldl (A)MKif plk 'le aiit s~ 'I ii ý1 lh,~lfs Iliuav cithr lie j1IAidby

ci' .y dis:sptY1 tit'',i the Ice of a (ithri h11it' I ii. u or may pre-date thic deiiWhich

am'~junty 'neslo,~ tii)on !I,, i Caf 'i~h'~ivii.'I:ii icoittllctid by I lickin
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(84) when try,,ing to explain th: formation of scroll-bars. In either case, however, debris

would, at the ver' least, enhance sediment deposition on the bar.

Figure 4.15 Idealised diagram of debris related sedimentation and scour

Voldilnic of sedimentation

seditneni ---

m - " - kO| -"""•'

J -~. ..

/ -.---

M1 0

14ainagc Area mi2

The magnitude of the scour and sedimentation peaks may well vary with bedload and 0

suspended sediment type. with coarse, gravel, loads causing the sedimentation peak to rise,

and the bed scour peak to fall proportionately, and vice-versa with a fine sand or silt sediment

load.
0

The LWD sediment budget for each reach surveyed (averaged over 1000 ft. of channel), that

is, the difference between the total sedimentation volume and total scour volume, induced by
debris, for each channel reach is plotted against drainage basin area in figure 4.16 against

composite channel width in figure 4.17 and against stream power per unit channel width in

fi•gie 4.18 Relation to Lhe three independent catch',,,- .Th. reveals no recognisable

spatial trends. However, quite inportanty, the graphs do show that the balance between

sediment scour, and sediment deposition caused by debris jams is in favour of' nel

sedimentation, with nine of the channel reaches having ý. po,;itivc budget and only ibui having

a negative budget. The total difference btween positive and negative budgets, summed

together for all channel reaches leaves a net positive balance of 98 m' of sediment. This value

would be much hi.her if it were not tor the one anomalous negative budget value of -260 in

This value relates to Hlarland ('reek (reach 1 ) and is thought to be partly due to overestimation

of' debris related scour in channel bends where it was hard to distinguish between meander

pools ;nd scour induced by flow constriction around debris. The net positive sediment balance

lends weight to the argumnenil that d ri.s :,1as an ovC-all bcneficial impact. in tei-ms of sedienct

retention in these highly unstable channe!s with excessive sediment yields, although the total

0
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retention values are rossibly negligibly small when compared with total sediment yields fiom

each reach.

4.3 DEBRIS .IAM RESIDENCE TIMES

Figure 4.19 to 4.40 show thalweg plots for each reach with surveyed positions of each debris

jam site marked on. Data from the May 1995 survey are overlaid onto the May 1994 plots so

that an assessment can be made of the rate of debris input and of the longevity of jams, which 0

determines their effectiveness as geomorphological channel controls.

Initially, it was hoped that consecutive years of bed survey data could be overlaid to monitor

changes in topography around each jain site. Unfk rtunately, howover, it has been found that

there are too many data survey errors to allow a realistic comparison of local scale features

between the two years of data.

Thalweg plots are not available for Coila Creek, Abiaca Creek (site 3) and Ilickahala Creek

(site 22) due to severe errors in the data. S

The following creeks have debris jam sites surveyed into the long profile data

Worsham Creek (We .t Fork) Harland Creek (1) Hickahala Creek (11)

Worsham Creek (Middle Fork) Lick Creek Nolehoe Creek

Sykes Creek Fannegusha Creek Abiaca Creek (6)

Lee Creek Long Creek Perry Creek

Of these the following reaches has jam sites surveyed in both May 1994 and May 1995:

Harland ('reek Hickahala Creek Lick Creek

Nolehoe (Creek Abiaca Creek (4)

The above plots give an indication of the stability of jams and the rate of debris input over the

one year pet i od

1larland Creek (I) : FigUt e 4 1Q

Two major jams (I anI 2) surveyed in 1994 were still intact in 1995. In addition, six new jam

sites wýýre located, all of whiich were caused by tree topple duC to bant1 instability

Ilickahala C(,eel, l .irrc .,

Site I had been removed by P')95 due to the co)nstruction of a new road bridge. Si,e 2, a jam

formed from branches I ,i, ,IowI in an ice storm, had been washed down to jam 3 by may

1995. Site 4 remained intact in 1995 and had collected a large quantity of fresh material.

i. I -- I • - -- - l



Lick Creek Figure 4`21

Site I remained intact between 1994 an.lI 1995. Five new undertlow type jams with trunks

resting across the channel at bankfull level were surveyed in 1995. Many of these are unlikely

to interfere with the flow except in the must extreme flood events. Sites 2, 3 and 4 had been

removed by May 1995 due to the constn ,ion of a new high drop grade control structure.

Nolehoe Creek : Figure 4.22 0

All nine sites surveyed in 1994 were found to be intact in 1995. Several had gained new

material both floated down from upstream and from tree topple due to flow deflection and

bank undercutting around the existing jams. This reaich is highly unstable which accounts for

the very large vol ame of debris present.

Abiaca Creek (site no. 4) .Figure 423

Sites I and 2, surveyed in 1994 were found to be intact in 1995. These jams have been formed

through key debris input where the outer bank of two active meanders have eroded.

It is evident from the comparison of this one year interval data that the majority of jams have

remained intact over this period, while a number of new jams have formed. New jains appear

to have been initiaied either though bank failure in unstable reaches, such as on Harland Creek

or through a combination tree blow down on unstable, over steepend banks, such as on the

upper reaches of Lick Creek.

Conclusions about short-term jain stability can only be made when the survey data is

compared with cor responding discharge data for the one year interval. This will show the

magnitude and frequency of events that the jams are able to survive. Unfortunately, as yet the

relevant data has not been made availablc to permit this analysis;. Given the warm, humid 0

climate, and highly crodible nature of these channels it is likely, however, that jams are more

transient fcatures in northern Mississippi than in Pacific North West gravel bed river.: because

debris will decompose quickly and become bypassed and transported downstram more

readily. A long-term monitoring programme is required, however, to verify this itsseition

New debris jam sites were surveyed at six creek reaches. It is not known if these jams were

present in May 1994 because time constraints meant that debris reconnaissance could not be

carried out at these reaches.

0

0



sykes Creek : Figure 4.24

Four sites were surveyed into this reach. Key debris inpuLt is primarily the result of outer bank 0

failure in active meanders.

Fannegusha Creek : Figure 4.25

This reach is highly unstable and has just had a grade control constructed at it's downstream

end. Three mijor debris jams were located within the reach, all cause by bank failure input.

Abiaca Creek (site 6) : Figure_4.26

This reach is situated at the point where the creek flows out of the Bluff Line hills onto the

Mississippi floodplain. The gradient is shallow and the channel is agiading slightly. The two

jams present appeared to have been formed by material that has floated down flrom upstream

rather than from local tree input.

Lee Creek. Figure 427

Four small jams were found in this reach. Two in the upstream section have been created by

debris input due to bank instability, while the two lower down the reach appear to have been

formed by blown down trees

Long Creek : Figure 4.28

This entire reach is choked with debris, and "palaeodebris", that is woody material that must

have been preserved and buried in the alluvium of older channels, and is now being exhumed

by the creek as it erodes into it's bed and banks. Distinct jams are very hard to define in this

reach, but nine concentrations of debris were surveyed into the thalweg data. This reach was

highly unstable in the past but is now beginning to stabilise due to the construction of a major

grade control at the downstream end of the reach, and ;everal smaller structures, upstream 0

through the reach section.

Pei, ('reek " Figure 4.29

This leach displays all the phases of the channel evolution sequence (see Schumm, Itarvey and

Watsoo, 19)84), from type 5 at the lower limit of the site to undisturbed type I at the upstream

end. Seven ji;m sites were located in this reach. Two jams in the lower reach have been created

by blown down tro-t:;, three in the upper third (Af the reach are located in unstable, type 2,

channel and have IC:.,iied from bank instability, and ihc final two jams, located in type I

channel, in the upstream end of the reach, have been ci eated by bend outer bank ci osion.

o



0

The following two reaches had jams surveyed in May 1994 but were not survey in May 1995

owing to time constraints:

Worsham Creek (Middle Fork): Figure 4.30 0

Thirteen sites were surveyed into this reach. Debris input had occurred mainly through bank

failure, and the entire reach appeared to be degrading and laterally unstable.

Worsham Creek (West Fork): Figure 4.3!

Seven sites were surveyed into this reach. Sites four and five were beaver dams, while the

other jams were created by debris input through, slab type, bank failures.

The remaining reaches (figures 4.32 to 4,40) have no debris jams surveyed into the thalweg

plots. Otoucalofa Creek (figure 4.33). James Wolf Creek (figure 4.34), Sarter Creek (figure

4.36), Abiaca Creek, site 21 (figure 4.37), Burney Branch (figure 4.38), Harland Creek, site

23 (figure 4.39) and Red Banks Creek (figure 4.40) were all surveyed for debris but were

found to contain no jams. The reason for an absence of debris material was found to be due to

three factors. Either, one, because the reach is stable and has no major bank erosion (Sarter

Creek, Burmey Branch and Abiaca Creek, site 21), two, because the reach has no woody

riparian zone to supply material to the channel (James Wolf Creek and Red Banks Creek), or,

three, because the discharge, and channel dimensions of the creek are such that even large

whole trees which fall into the creek do not remain in one location long enough to establish a

coherent jam before being swepl away downstream (Otoucalofa Creek, Hlarland Creek, site

23, and Ahiaca Creek, site 21).

Worsham Creek, East Fork (figure 4.32) and Ilotopha ('reek (figure 4.35) have not been

uin veyed for debris jams, but it is suspected that debris is present in these reaches owing to the

faci that both are known to be degrading and may well therefbre have unstable, failing, banks.

Sm m -m = m



Figure 4.1 LWD Input Mechanisms (May 1995 Survey)
Input mechanism at jam
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Figure 4.3 LWIJ Geamerphological Reconnaissanice Data (May 1995)0
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5 COMPUTER MODELS

5.1 LARGE WOODY DEBRIS MANAGEMENT PROGRAM

The relationships between LWD formations and channel processes have been incorporated

into a LWD Management Program. Version 1.0 of this program is included with this report on

a disk. Appendix 1 a user manual for this program.

This is an updated version of the program to that which was included with the Project R&D 0

7258-EN-09, submitted to the US Army Corps of Engineers, June 1995 (Wallerstein, 1995).

This program predicts the jam type in a given reach, determines its impact upon the channel

and outlines an appropriate management strategy. Inputs variables are those which have been 0

found to be most critical in the LWD system and include channel width (determined from a

catchment area function), average riparian tree height, reach sediment type and the riparian

landuse type. The ratio of tree height to channel width is used to define the debris jam type

present, with the precise limits of each classification determined from the empirical

relationships. Sediment diameter is used to give an indication of the jams potential to induce

backwater sedimentation or downstream bars. Debris jam types are classified using a scheme

modified from Robinson & Beschta (1990), described in Wallerstein & Thorne (1994). Jam 0

types are divided into Underfiow, Dam, Deflector and Flow Parallel. Figure 5.1 shows this

classification scheme. The program output takes the form of a text file which describes the

classification chosen, and offers basic in-channel LWD management strategies. While the

management strategies are based solely on theoretical considerations, the program never-the-

less provides a framework for future model development as empirical relationships between

the variables are better characterised. A flow diagram of the computer program is shown in

figure 5.2. 0

The program has also been linked to a GIS (Geographical Information System) front end

which has been constructed by Peter Cheeseman, a masters student at Nottingham University

(see Cheeseman, 1995). The project was carried out to demonstrate the potential for using

GIS as a platform for data input to expert systems to aid engineers with river basin

management.

The GIS was constructed in ARC Info using data layers, supplied by the WES Intergraph

data-base, for the Abiaca Creek watershed and provides automatic data input, for the

necessary variables and a platform for running the program. This watershed was selected

because it contains four debris survey reaches which are being monitored in the current

I7
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research. The theoretical model can therefore be tested against the empirical data results from

th• field studies, and be validated and further developed. This management model is simple,

but provides a ti'amework for future development as empirical relationships between variables

are better characterised.
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Figure 5.2 LWD mn~aigement program flow diagram
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5.2 DFAIRIS Al BRIDGII: PIEKR P~REDCT)('ION PROGRAM

'[hllis program calculates the piohability of'(li4r'5 )IXi b(-ill-I) at hildge piersý, and t he dissociadt (

debris induced scour, based upon modified 11heoretical equaiL1ons p)ubi :;hed lbY Melville mid

Dorigol (1992) and Siniorm anid Li(11(79). Versioa 1.(0 ol hils pr)grafl is a]lso) includee on thle.

enclosedi disk. Appendix 2 contains I uIser maniral fIm this prograni

5.2.1 Bridge Scour Model with D~ebris Bnitilup

There are only a limited numrber ol' stridies that have addressed thvý p)mb1Ctf of' debris

aceumirlatiotis at bridgtes Melville & tDongol (I Q01) look at the problem of p~ier scour due to

debris, while 'ýinionrs & Li (see ( allandei, 1980 ) have used a pIn obabil istic appr oach to qulantify

the rate of bridge span blockage by debris and the subsequent Nle~kwatcr efll-:'ec and pressure

forces generated on thle pier

L~ocal Scour at bridge piers 1Is been extensivvly- investigated, I lowever thu imipact ot debris

rafis at piers which create additional f~ovA obstruction and theret'ore incroase scaur depths has

been largciy neglected. A desigi, method Imr estimuation of'scour depths at pier's is presented

by Melville and Sutherland (1988), based] on envelope( ci iives from laborator-y dat a. T[he hlagest

local scour depth at a cylindrical pier is estimated to bec 2 41) where( 1) is flt- pelier diameter.

T[his vaitie is reduced, however, iising imultiplying 1I Hetois where clear-water scour conditions

exist, thle flow is relatively nhallow. andI thre sediment, size relatively coarse. hii the oase ot iron-

cyl indriical piers, additional niul tip lvi ng tact rs a ic a pp t (I to acecouti u i h) piers s-hi ipe miIi

alignment. ( 'onsicteration ol'the likelihood of' debris 1)1, Id-rip is not addressed by Melvifle arid

Dongol (1992) but t hey do note, however, that SirisLO C)Jl riýd, C pier'sare the l east likel)y hiape

toa0CUmuIlate debiris, andI that tilie ficet spaCe beCt\ TH ~crCOlurirriS i 1 rir I enoug C,1ýIi 10 pass

debris. I 'iedictiori of thre size OFIOSbL pside (lei 1.1; rciriu21)iri reL11(h1O1SIIillar. ill hlýiJgt.SI II'IdilCir

f'or accurate lactolr' of'.saiety calculations.S

'lhe expiim Incltal arrlangusnient used by Melville and lDmigo]l" is llowii ill igul Cr uie



Figure 5.3 lxperiniemital Set-imp (modified Fr-om Melville Arid IDougol, 1992).

41 P1S

T he design cur ve Ir pict scour without debr is Itaccumulations, develope d by Melville and

Suthv~a land is described hy the flollowing two equations:

-1. 872 Q 261 (5.)

IAI)

S 2.4 V Ž2.6 (5.2)

This Sho'Ns tral scour. depthl Increases with increasing flow depth towards a limilitig value for

Y/P -2 0. Thie same trend is founid I'Mr piers with debriIs a,;CnItiI~at Ions Imr valucn of' Y/[D 4. At

Iiyiher Va Illies of' Y/D )Scour- depths decrease agalin because thle pmrport n cfl oft pier lengthI

:o Y V rel y I is electca se!. For deep flows the uftiec of debris Would( becom 1in si gttifIicaiii

and tund t owacids W.I valuc fish 2.4

The efflective uianoetecI of, a pier With a debris acc-Iif ill fatin t, I )C, is; g!veti by,

Acc rduci,, to cq~iuitmio Dc 3 N l ( i alcmilaitA ;Is5X~ af ~ weighted iivcidge ol'l t dii lv length TX

l",Id f ie debris tall wilh duimiiitet Pd an d a Icttgthm of' the, piel (Y I'd) with duialicicl1)

(scr figure 5. 3). '1I hc Iliet oi O.S2 wits deter mired Iby evuilcit ja oe~, Ifhe linit -; (t I'd andtc I )d/) I'()(-

11e0livpoihetlical case %xvcei 1) IS iIs iisiiticd to he MOe tid theC dChiP, IS wJitrd to extuntf to the

la,.sf. o~flhc Scour

801



o

1) can therefore be substituted for I)e to calculate scour depth at piers with debris

accumulations using the Melville and Sutherland design method. Conversely a maximum

allowable Id and Dd can be calculated by specifying an upper scour depth within an

acceptable factor of safety for a given pier size.

5.2.2 Probability based debris build-up model

* I 'iThe ratt of debris accumulation at a bridge is difficult to quantify. The only method found in •

the literatur-e is that presented by Simons & Li (1979) in an MSc thesis by Callander (1980)

entitled "qFihvial ptocesses occurring at hridge sites".

Accor.ing to Simons e. L-., the trapping efliciency ofta bridge is determined by: •

I )('learanr-,, )eticath the bridge

•") Span lengths

3) Size and concentration of debtis clements

The following possibke consequences are identilied which can result from debris blockage: 0

I) B1ack-water eOfects

) I 2) Piteutial local flow diversion

3) Ch'annel aviiliorn

'4) B~ridge idill.ire

Simons & Ii express the Volume of' debris as a tiaction of the sediment yield, and suggest a

vegetation deb'is yield of' 1%. in i aticmnl to testimate the number and Volume of' trees

arriving at a bridge they litilise thl Volume of'fl'ood-plain erosion nec,'essaly to yield a tree, and

Lu:-;e a repj'seritalive tree size g'1)f dhc watm 2;ho1d.

'I I ces aru assumnek io be cylindulcal with a diameter l)t, and a height I It. The span between

piens is I,; and the clearance between tht water surface and lie Ilulde.'.lide of the bridjc is C.

'The charnce that a tree will be trapped ,ucpeulds (m a kur.el dtiarrneler however, I)b, which

Srepresents either the canopy dinuension o, i,', root zoir( whichever is largei See figure 5.4

If' It Is the plobalility o('fat least one average cree beik.g trapped is 1O0t)%. [lle hlocked area

I us the.ll '_stin'f-td ti' bI.. N1 flf1)t, whele N is the eqnivalent niumbcr o'avcracav rag trees asst.1ed to

be •rapped atrioslI tHic nupsti cant face ot'the hrnlgm'

-1. If It I n.s a polabilil ic ap•i oach i ; used

Pt is 111c ptoh1baililty ofla tree being., lipactd, i.,md as the bhlckag;e bCulatlh r1 s1pan irCrTON;sc; sr0

h1c chraler of tilhel 1itces bor g I: kar)('(d inuiccase-;'lT e fTnrn ailitv )F tI1C first fretw b irng

XI
i S l

S,!r

I I I I I



trapped is assumed to I. -I ratio of half the tree diameter, Db, to the total waterway area

beneath a span, LsC

P (T[ = nh(•rlb' /4) _ jIW (5.4)
Ls(' 8 LVs(

Li (see Callander, 1980) observed that a tree caught on a pier will in general lic with its trunk

in the direction of flow. A tree thus trapped offers an area of

S(,rl)h2 4) =7r / 81)h' (5.5)

to trap other debris.

In general when (m-I) trees are trapped beneath a span the probability of an rmth tree

becoming trapped is

irl~h2 / 8
Pl'T - (5,0)

LA(' -(1n -l)(wrl)h 2 /8)

The probability of passing all NT trees from the watershed is

I I- T 1 I (5.7)
[The probability of at least one tree being trapped at a span is

PI 1 I-(p-PT1 )N (5,8)

where N is the equivalent number of average trees arriving at the span. According to L.i most

trees will stay close to the bank, thus;

N - NT/2 (5.0)

The probability that rn trees will be It raped is;-

i'm [I -( I--P''m)IN-("'1) IP( l - I) (5.10)

O(n this basis the probability ot'a least in trees bIing trapped (tbr any in N) can be estimated.

In order to c:dculate T'd and Dd there needs to he an estirate of te. blockage area. It is 0

a ssouned that debris elenents stack up and that trces overlap by )I/2, Tlihus t`61 ri trees

trapped the percentage of the waterway arca which is blocked is

In( 1, ur Ih/4)
%Bhockag' . 1 100% (5. II) 0

HIlaving eý tied III and knowing I)b the increase depth of water (Wd) at 1the bridge is

SSIed/ mId/2 (5 2)

Tlih blockagc gireNtrates a )rcssiii e tbrCe (NW) whiCh act's normal to t l' bridge is

... 1'/ k;,y.,/, ;,i ! (' I )
0wi

N0



where T is thle specific weight ot' water

Figmre 5.4 Schematic diagram of debi mmililation at biridge piers

5.2.3 Program conistructioin and inpjuit varial: s

In essence the pr ogrami fulls filie Simons aund I . proibability modell and thenCalcl ae thCIII Ie 0

potential pier SCo1ni dtIC to I debriS Mat siZe based upIonl the blockage area assu~minig all the

trees available in til lt ac ih u psIreatil becom) ie tImaplied bericat It a spanl.

Initially average (mid height) trec trunk diameter (1)1), a niaxirmmti tree dianmet er ( lhl), (Ci'

root wad or- canlopy, w hi ehe ye r is filie larger), ariid avers Igw I rce hieight (I1 I) values aIrc er iiered.

Next, thle ntIIIIber 01' tlCC~S appr~oaching thle brlidge spirri (NI) is entered Altlroiiglr Simions arid

IJ suggest risin~g N NT/ill (ilie probability CalCL~trl oIIs, this m1odel aSSIMiCiS thalt ;111 the trees

availab~le in thre iijsticarii reaech will pass~ thlirrgl tile spanl iii quiestioni. I lo)we.verl the( iriritt1'lt of,

sparls (S) between pier-s (P)Ifi tal ie set Ill Ihe cliarutel will rnotrmally bc S I' I (col ilt ifrtr thre

Iwo spans between pier arid river hainky It Is Iliereliut' neces'sal y, o61 arli accrualic rsscssrircrit

oft blockage potential arnd ticittis relatled scolur, to) Calculate probabilities, tor :Icact spanl

ii1,i1VhIMIItlY, liii hulls- 1iSIlig if Sit11IjIlt (IlVi~iOii utlile (N N I S ibr.N t rees a I ivitig 1l cacdi

Spatl It Is l0) Irip to tIre( Iser tit rIlurke 111c appropriate ~i~ditstmeitt's tot each spat NI canr citlter

be Cst ilirated Ill the tield ~ruld ei it cud ;IS 0 t~ I)ICtot iii aIT teSiuplIly o1 CAnI 1w st.trial il;L,

thloiigh cal~cIlati(on of' poteniafil buillk thilliir Ilil11e IInI)StiCaiti reumeli 10 calc.ulate tHe LOtte

e.stirirae a r ly;lim an icc. derisity v'idlicIt' i reqlired, Ilie letrethrl ot, th ecachi ill questi"on it1i( 111c

I t cit ill l aiulli i ir111c NwidtIi I hi CLi 1 Wiidwith Fr 111 vii'Cii lie detW IMC( milre sii ;qxplp it He

1w



bank stability model such as B[tRBANK (Burgi, 1995). The potential number of trees that will

reach the span is then calculated as:

tree density x failure width x reach length x 2 (two banks) 0

Finally, the bridge pier diameter (D), span between piers (Is) and average flow depth (Y)

valut,s are entered.

Calculations then proceed as follows: 0

I) If tree height is less than the pier spacing the probability of the first tree becoming caught is

calculated, followed by the probability of' the next tree becoming caught consecutively This is

repeated for n trees up to NT.

In the calculation of trapping potential it is considered that, the use of the ratio of tree area to

the entire area under the span as suggested by Simons and Li, is somewhat inappropriate as

tree capture is dependant only upon the length of span and diameter of tree given that the

water level is constant Deck elevation above the water (C) has therefore been substituted with •

maximum tree diameter (Db) in this model.

2) If tree height is greater than span width it is assumed, as outlined in the Simons and Li

model that at least one tree will become trapped and thus all subsequent trees arriving at the

span will also be caught.

3) The percentage of the channel cross sectional area that is blocked if all the trees supplied to

the reach become trapped is calculated as outlined in the theoretical model (see figure 5.4) flto
0

I It "-- Is. Ilowever if I It - Is l)t is Subhstituted for I)h and the blockage area is calculated as

(((square root x blockage area) blockage depth (assuming debris btilds up as a square) x

ifec height ) / (span wid hi x flow depth)) x !()0 %

This calculation aslsimes that fbr l It - Is all trees will build tip ili a square 1brundatiu, bill at 9()

degrees fo the flow direction, as oppose it) parallcl with the flow when lit - Is.

4) The hydrostalic pressure firce oil each pi•ecr tlitit width is calculated :as

pressure ftorcc bulk weight of waier x blockage depth x I (unit width) x (blockap,,' depth /

2).

i) ldigug pinc, seoull wil h tie debris accutmu1lation is then calculated using the Melville and

I onlgol mllodel. It' 1t I Is tlrh. dehbis rati diameter is taken ais the squarc ioc t fI' tle Ilockage

area (assnnmirg debris build-rip is ill a S•ul•we). If Ill Is debiis ilaf diametcr is :issutnred ito be

IIt because the debris is aligned parallel with thie (irectioi of' ftow. 'lThe sco•r depth is

caýlciiljatod rising thre Iiase Value ot 2.'i ) It' he, addilit inrrr 1 u n1t ilying hit r. ac w ei im ed t I iy

S84

I •



must be added by hand, relerring to the graphs and tables supplied in Melville and Dongols'

1988 paper. Factors which reduce this value are applied where clear-water scour conditions

exist (Ky), the ilow depth is relatively shallow (K,), and the sediment is relatively large (Ku). If

picis are not cylindrical two additional fiactors are required; a shape factor (K,) and an

alignment factor (K,,). The fbllowing data are required to calculate these additional factors :

mean approach velocity tbr the design flood (U); median particle size (d5o); standard deviation 0

of the particle distribution ((T,,) - d84/d,01 pier diameter (D), angle of' flow attack; pier

dimensions; and pier shape,

It should be noted that the fbrmuhI, developed by Melville and Dongol for calculating debris

related pier scour, wa. only developed for floating debris accumulations. However, it is

considered by the authors that this l1rmula can be extended to debris accumulations which

have their base resting on the channel bed, as the critical factor in the calculation method is an

ettiective pier diameter, which is, in any case, extended to the channel bed in the situation

where the debris is lloating.

0

0
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6 CONCLUSIONS

The focllowing conclusions can lbe drawn troni thle results obtained inl this study

I) The sources of major debris inpu~t to the channel ri twork can b~e predicted by mapping lI e

areal distribution of reaches with wooded riparian zones which are also laterally

unstable or actively migrating.

2) 'Ehe impact of debris jamis in sand-bed rivers is different to that in gravel bed fivers as 0

distinct log steps do not form.

3) Debris is a key factor controlling channel bed topography in sand-bed rivers, creating a

more heterogeneous profile than flound in debris free reaches, Thiis Is important I orI

creating productive aquatic habitat.

4) D~ebris janis in sand-hed r ivers ar e stable in the short term (I yr.). Buht total residence timecs

may be longer Iin gravel-bed rivers.

5) Reconnaissance evi~nice suggests that jai u rn is change in a predict able nian ncr

downstream through tire channel network,

6) IDebris jamns dissipate tlow cnergy, arnd reduce sediment l0owting ratc';, arlid Ilierellore do not,

exacerbiate channel b)ed de4iradat loll problems. Tith (list I but ionl of' Sc dilirentation andl

scour _,sociatcol with (Ichiris ailuns appe: lis have, anl -t-o)nurphically explainrable

distributionl when related to drairiage basin areaIII

MANAGlFMlN'I' RIKCOMMVrVfNI lONS

'I'll, tollo. W". nlarrag1cilerit r cci nurnrierrdatiows havw hCcii rinitdc ihicd ipw thle timi id'',,

discuss, d lierci i

I asiri-wide dehlis, (I('arjiircc is 11i111,rCessaly ;ilt nlay hna% detrirriental at tects 1), mi: (ldr, .5

)pciu to1. .10oii 8tc HIC; (h;gladLit ioul piobl~er i tenei)lirrcrle ill h Iulrrf-ic sir arnis
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APPENi)IX I

Large Woody Debris Management Program (Version 1) User Manual

Introdnction

This manual describes version I of an on-going developmental program designed to aid

engineers, geomorphologists and planners with management of woody debris in river channels

throughout the catchrnc it network.

The executable program for this model (DEBRIS) is written in C++ and is contained on the

supplied MS-DOS formatted disk, labelled "DEBRIS & DPROB". The file called debris.cpp

contains the program source code. 0

This program may be freely copied, but the source code may not be distributed to other

parties. The author accepts no responsibility or liability resulting from the use of the program.

Installation

To install DEBRIS and DPROB insert the supplied disk into the A drive and type a:install. A

directory called LWD will then be created on the C drive and the files debris~exe and

dprob.exe copied into it.

Running the program 0

It should be noted that the required units for data entry in this program are SI (millimetres,

metres, kilometres).

Run the program by typing "debris" from the LWD directory.

I) Enter a file name for the output text tile e.g. "basin I.txt"

2) Enter the riparian vegetation type that is predominantly found along the reach of river in

question. ) simrnlc distinction is made between wooded and agricultural. Enter "w" or "a"

If"agricultural" is entered the next prompt will ask if you wish to run the program again. Type

"yor "n".

4) If""w" is entered the next prompt will ask you to enter the average riparian tree height
(metres). 0

5)) itci inhe durainage basin area (kilornetres square) of the reach in question. This

parameter is used to calculate an average channel width based upon a selected width fiunction.

6) Average channel width can either be calculated using the d,.fiault Ih'iction, derived by 0

Schumm, Ilarvey and Watson (1984), which is appropriate for channels in northern

Mississippi. or the user can enter their own function. The default utnction is

average channel width j(40,.77 x l a" (15.7 x Da )1/ 2

I J•
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Where Da drainage basin area in square miles. This is converted to square kilometres by the

program.

Select n-" to use the default function or select "y" to enter a new function. A new finction

takes the form of)

average channel width - constant (a) x drainage area

The user is piompted first for constant .a, then for constant b both of which must be

numerical values from functions developed in Si units. Note constant b must be less the I else

the program will crash

7) Fiter the channel bed sediment Dso (mm).

9) The user will then be asked whether they wish to run the prograin again. Enter "y" or "n".

If "y" is 'yped the program will ni again and return to the prompt asking for the riparian

vegetation type. If "n" is selected the program will terminate and return to the operating

system.

Program Output

The results are written to an output file which has the file name specified by the user. The

output file is created in the LWD directory. If the program is unable to create the output file 0

an error message will appear reading -Error opening file". If this happens the program should

be terminated.

The output text file can be viewed, once the program has been ended, in any text editor or in a

word processor such as Word or Word Perfect.

Successive outputs from each program will be added sequentially to the same text file.

Program runs are distinguished by a numbered header (i.e. program run number 1.........

program run number 2 ....... etc.)

Results have the following standard output format:

I) A program run and " Woody Debris Management Output" header

2) A list ofthe input parameters including the calculated channel width. •

3) A description of the debris jam classification type chosen, and the geomorpho-ogical impact

of debris jams for that reach. Management recommendations (displayed in capital letters)

based upon the getmorphological processes

Test Cases

lThcs- examples arc provided to nsustie that the user is familiar with the procedures used to

itin the program, and to check that the supplied programn is workini£ correctly

9
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1. Start the program by typing "debris" from the LWD directorV

2) Enter an output file name e.g. "basin l.txt"

3) Enter the following values:

run I run 2 run 3 run 4

riparian vegetation w w w a 0

average tree height 10 10 10 -

drainage basin area 40 200 20 -

alternative width function ? n n y -

constant a 10 -

constant b - - 0.30 -

sediment type 0.25 1.0 2.6 -

7) Leave the program and run a text editor or word processor to view the output file.

8) T .ý output for runs I to 4 should be as follows:

Program nm number I 0

W(X))Y Il1,BRIS MANAGI',NMIN ()It ITIJT

The riparian land type in the chosen reach is wOOdIett
0

ilie drainage iasin area is 41) kiloiicties sqbtFre

lhe average ripa'ian trec height is 10( metres

Re sedinment D)5 in this reach is (1.25 int

(hannel width caiculated snsmg the Schoini i if vcv & Wartsont Iornutiitl•
"The average chvnnel width in this reach is 201 7052 ietces

GF(lOM( )R!lI ,0 XHICAI IMPA(I (11, M N)I)Y I )IlIRIS IN I11 ] SlI,],("IH) R'IACI I

Average debris Ienglhi is less tbhain 0.0 tililies the channel width
Large Wxixy I lcbris (IWI)) input mechanisms to this reach will includc
Iloatatimn of debris from upstrean reaches, tree toppple due to bank riihne
in mustable reaches, and also due to haink litjlure in h bnd apices it the
channel in this reach is mean'ILring. Although krilcd trees arc likely to cnlter
the channel at 1X) degrees to the channel, llows will be competart enough to rotate
debris so that FIL( OW PARA1.IT. IWI D debris larns formi. ILWI " will also be. transpol tcd
ttowristrealm is high flows, and depositedt against the b;urrk-bhas oni the ou.tside of
incander bends or at bridge piers and Wt IcWI Tii--ot-tIe-FiVCr stIrctIuics

(See Wallerstcin & lionrc ( 1994), lor a comnplete dc:cription of -i 1, )W-I'ARAI .1 ,Il, tvp_! ilniii;)
11, negative gCoioiph<ilngical imipact ofl'ths ,,lx• ot • ivi in terms of h•lnk

ei "ion and bed scolur is nlinirnal.ltlank toes nu•" even he stabili'-,cd by ,lcbtr i builId-up
I),.)iris maruy also iiiitiit. o1 ;ocr-ler;th 11iC OW Ik•urii;itoii ol 'iild-01:iiii arMI Itheral ha

W( M)A )Y 1 )1H.1(R1(1 M,'h A(A ;It I R< ( IMMlNNI )AIR )NI;
0!

LP0
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DI )IkfIS ClElAfVANCY: I INNECI:SSARY If- FluS KI.YI:)INto Ii ACI:. Al I I ANK t oiS (IN IN H ARS.
BtRIDGEl , ANI D 0lI ER RIJN-0Ol-'I Ill'>RIVF ' SR I J'('lFI I ES Mi I fl fI) I I:H MONVIT0RFl FOR JAM) itJl I )-IP
( See MevIIille & IDongo! 1992) f-ora methiod of caIculati ig pici scow dute to debris build-up
and( ('allandar (I 1990) for it probabilitN based miethodi of predieting debris buiild-up af bridge
pilets, aid Ibrninula for calculat~ing tile increased pressure force arid flow% alflttx due to debris)
1.1,A )AIN( DBI tlS MAY ALSO( PRtOvI*: II I;I A DANt ,FR T0) SMA! .. HII FAS

RI dlRI-.N( 11

CAl lANI)IR ( 1981)), Iluvuil piocesses, oeeirtii~g a bridge sites,
Mlic. Thlesis, Colorado State Jnivcrsjt'ý.

iv`Id VIIIF & I X)N( i ), (1992), Blridge Pier Scouir with I leris Acciumulation,
Jourtial of I lydrari lie IJiguiiiering, ASP I J vol I 19 rino. 9)

SCI IH MM. I IAN P ,' Y & WATSO N (1 984), Incised Channels; Morpliolop', I vnirtntes and Control,
Watef Resoluces Pulitcljation, pp. I I 1 - I $9

WAHI; ,I JS'l FIN & 'I' I0I RNI (1 994) Inmpact of ini-eliarinel organic debris onl tinvial process
aind chianel nrlorphiologp, Yazoo B asin, Mississippi, ft Iiiiersitv of Nottinghiam, I epartulent
Of (;eot'rpii~v', working paper no. 29

ltrngranr nin mninuhr 2

V( X)I)Y I )JIRIS MANA( I-.MI5N'l 01 VI tl P1 L

thie riparian Lord typeC ill the chosen reach is wooded

[h le drainage basin area is 200t kilomneitressquare

' I hie average riparian tree hieightt is It) incietrs

'I lie sediment 05 )5t in thi, reach is I rnini

Channel width calculated irsi ug thle selllmiitni I orl vev & Wat sont fonimula
I lie average channel width iii this retmel is 31. 2hi2o itiecrs

(4:1)IM0t)RPII(,DICx~ At, IMPACT (* W( X)lY DfIIRIS lN II I II 1IIJt:1) RIJAYI I

Average debris leiigith i!s less thani 0t( tittes flie ehtaitel width
lairge \Vis~v 1 le0, :(1,WI I)) tipifut titalI i1t01sti fItoII lI Ceadh wII itlttl
floartatitin ofi dcbIIi fils uiiitpstreaiti Iaieceas, flee titppple tIit ito bati !ailiiie
In tunstahle reachecs, mifd also ctie lto bank Faiifure Iit betid apices it'lthe
cliatinel Iit (his reueh is nricariderilig. Although I'ijled irers tlie likufv to enteit
the ethanntel tit 91) degrees, to tilte chatnri, flows %vil f be2 citifpcfi ift clt nigh to rotate
debt is so that If A W PARAl I I Wl. I.W fehris pifl, forritl. I AW will also Ite irriis-ported
domitstreaon is high I lows, and desrosited against the britll base oit the out side of
iifaftdef bnds ott at bridge pierCs tindlole 0110 iifI-ii!-t li eI rVOe tu111e71s.

(See Wallersici it & Hmllttie ( 1994),I i~t oemtpllete description iif*t Iý , W-l'AIAIJ FI . IN~ talus)
11 IlFielegalis geottini j)i~luOgietIl impact if this t' pe itja altii tel iis of ,aiik

crust inan fif d scourlSoi is mlinimftalltBank ff525 ito' even be stabilised by defir Is bufildf-up

W( K )l Y DIWIS1(1 MANACI IMFNI~i t<I;C0MMI.1'l I R ) NS

I l.fIS(TlFAPAN(l f% JtNl.('IKSSANY Il-I IL IS Kl;YI-.l IN tI II APP A IfIlANK tt itS ()R IN BARS.
ItilH x IS AND) 0~l11 11 W IN-0I'f-Il I IFJIVIKN St; 1t tHI I JtMS Y f 1()1,I) IIIl MOtN[lH I-t'l)V J(1 AM/ H111.) 1!1
(See Melville &' )oiiii'l 199'P)) lili a tnitliust iii uvli iiTl out cIttict o due l Ifts:; itiilifriji1
andf Calliniuhi 19901) Il a tritlcltIlIt'IN IM!V1t110seul O ielisltprui,- I tbi buIl dTINHld tipl at hf ]irle
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piers, and tornmilai tor ealcitlatiiig the mi elased preCssure !tree anld 11OWs itffliL. (ile to dlebri.s
NI(AlINGi DFHIRIS MAY ALSO P'ROW M It)I; A l)ANCI(;It) FSMAll I lItAIS

RIP) 'ITFN('"S

CAI.! ANDI :R ( 198I)), Flosial w(OCCSSCS (occut jug at In idge s'ltes.

MSc. Thiesis, Colorado Slate I niversity.

MEL;iVII .. 1 &I IX)NGO(()I '192 , I ridgc Picr Scour with I ebncs A~ccrfanlation,
Journal ofiyruc Enrgineering, AS(T. vol l1t) no. 1)0

5(1 11MM lIAR VE*Y & WA ISO)N (I1984), Incised ('l,,mitils: Morphology, I )naifics and (Control,
Water R"sources Publication. pp. I111- 159)

WAI .L.RS I'IN & III IORNI (199~4) Imac lilteto in-channel organic debris on fluvial process
and channel miorphologv. Ya,'c I a sill, Mississippi, tIn iiNersily ot'Nolitingliain, I )partment
ot( icography., working paper no 21)

P rogram n ma nuber 3

WOOD)IY l)IIRIS MANA(;l*:MI:,N It()I mItIItf

[llie drainage basin area is 201 ki lotnetres sq t~are

[lic average ripairiant tree height is 101 metres0

[hei ,ediment D$01 in this reach is 2.0t mmi

('wlictnl wvidth calculated using the 1(1 lowing lornniI

width -(drainage area (013) \ 1(I

[tie average chinnel %ki itlt inl this icacb is 24 5(,,1(, mectres

61-.0MO RI'llUI,(XK'IAI, IMI'A("I (I WOODI Y lDFIMtS. IN 1111: SlI~TVCIlD RFlACI I

Average debris leitgtlt is less Ilaiat II', limes the utittittiel widthl.
ki sge Wo xlv. I )eris (I WI)) Input nechanistist tll this reach will mtcltide
floaration of debtirs Fromt uipstiresno readies, ii 0C toliple)I (ftile to bank hiilitre
ii instab11V le wctes. and also duei to haink. Itillu ill bend apices it thu

chantnel in ibis reach is tiadrt.Although failed trees tire likely to ciltei
thte chanttel tit 901 degrees to tlte chtatnnel, lows wNill be cIltupet int ciii ugh tl o iottite

debuis si, that [I .1W lARALI . I, 1,W1) debri jamis fortm. I WI) will alsot be toitilsivuted
dotwnstreamt vi high flows . and depo~site~d against tItec tsuk-tlase oni life outitside of'
iiicaiidc eittllo or at luiidge piiersanttd ot lietntu !ti- c tiuciis

(See Wal lev;tein & Iltornic ( 1994) 1.a a coitplete dec,,r'lpIiiut ottII W-l A RALLH1,t' type jams)
thie negative geonuirpluological jitlptci )'it I is tyNe~ of ;ain in tesits of-bank

erosion and be-d scour is miiiitial .Barln It es mtay evein be sttbi Iised( by debris builiid-upi
ILebris nlay alsot iluitiate of aceleru it lie fillIti-atlot OfIltid tl~clutttute 011l luttertl NFTr-

W(X I)DY III.111(1 MANAtiIM.IN I RH1St MMI14DA AI( t)NS

D)1111<1 (ILIARANCIK I INNI;cl*;SS-,AI<Y HI IT IS' KIýYFIN) Nit) 'l.AC: Al tANK~yl I )110() IN lIAR's
BRIIXil:MAN)) 0I Itll< R1IIN-Wl-T[llb-RIVIKR SlINI('lItlU S S1lttII IO ill;k MONI FO~ldl) FtO J1AM 11111, )IL-tU
(See Mvelville &, I )oigtl I I992) Jor a iiuellixt] At citcutlatiitty. l I Scott(file ito detuis butildt-up
suit (allatuai~u (990) lfor a protvibilitv bascd mtcthilo at 1tredi, tg dettiis bitil-l-ittiat triruge
pici 5, antd fliai i fiilltto cateuilaitiTg li1C miiei;iwdpeilnsaiite force antdi fhuw affltis(life it) debi is,)
Il tAt NI IN(;IkBIIS MAY Al S() I'SOVI: T) III;, A DANt;, 10) t SMAllJ. 'I1)AI'S
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CAl .1 ANI)ER (1980), I-luvial procvsse-4s occuring at br-'lge sites,
MSc. Ihlesis, Colorado State I fniv,-rsitv.

M~LIllE1: & IX)N(XOI. (1992), Bridge flier Scour with I)Lhris AceaUnuln lltion,
Journal iii I ldaic Fringeir~ ng. ASCE, vol. I 1t, nlo. 9

SC.1RJN1M, I IARVEY &WATSON (19814), Incised Channels : Morphology. Dynamnics and Control.

Water Re.sc*urces Publication, pp. I1I1- 159

WAIJ.IRS'lE1, N &TIIOR10NE (1994), Impact ol'in-ebtinnel organic debris on tluvial process
and Channel morphology, Yazoo Basin, Mississippi, I iniversity of Notijaghani, IDepailment
of C eography, working pape-r no. 2')

Prograin run inunbe~r 4

4 WVOOI)Y l)EIIRIS MANAGEýMENT 01 IFTI'1U

The ripariani land type in the chuse-n reach is agricultural

Blecause the immnediate riparian zone is agricultural land, 01 the reach
selected is in open water woodycdebris input through uce blowdown or
death, bcavcr activity and rohairuel bank erosion will be minimal
Substantial debris janms are therefore unlikely to build 11ip in 1110 M10c

WOODlY I)EBRIS MANAUEME.N' RFCONMMINDA'I1014S

DEBRIS JAMS NOT PRESENT IN REACH, DE-BRIS REMOVAL ININECSSARY.
SMALI,E~-R DEBRIS MAY 131E INPUT IROM HIPSIREKAMR RI:AiIFS, IIOWEVE;R AND DIEBRIS
BUIiILD-UP AT STRIJCTIiRtI' SUCH AS T3RIDI;G PIERS. LOCKS, DAMS AMI) WIERS, SHOULDJ BiE, MONYIOREI).

* IT1 CHANNEL. BE'D IS UNSTABILE AND) HAS A SANDI SIKI)]IMENT LIOAL) CONSIDERATION
S110111,1 fil; GIVEN TO ARTIFICIAI. DEBRIS INPITF'ON THE, litKQUINCY OP; TI1[P IXPEC11lK)

* RB1ITE~ SPAC'INGITO VARY CIIANNIKI. I ll TOP(XiRAPI I Y AN!) 1111 IMPROVE, AQUA1IC I IABITA I
AND) ENI lANCE Ch ANNEI, STABI3IISATION TH ROUGI SEDIMENT Ri;.IEN'I*)N
I ARGE W(X lY DEI13RIS -'AN ALSO BE, KF 0`0K IN'oTEOTIEEOMN;BN 1ATV
MFIAND )R IIIN1)S 10 R El IIJCIK I ,OCAI. NEARI-BANK SI lEAR-STREZISS

101-1 I:RNCE;S

(AI.I ANI)IR (I1980), Fluvial processes ixcum1ng at bridge sites,
MSc.'llijesis, Colorado Stale tUniversiIt'.
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cd (icographyv, working paper no. 2',
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3 APPENDIX 2

Debris at Bridge Pier Prediction Program (Version 1.0) User Mantaý

Introduction

This manual describes a probability based model for predicting the build-up of debris at bridge

piers. It is based upon two theoretical models developed by Melville and Sutherland (1992)

and Simons and Li (in Callander, 1980). 0

The executable program for this model (DPROB) is written in C++ and is contained on a MS-

DOS formatted disk, labelled "DEBRIS & DPROB". The file called dprob.cpp contains the

program .,,)urce code. ,

This program may be freely copied, but the source code may not be distributed to other

parties. The author accepts no responsibility (,r liability resulting from the use of the program.

Installation

To install DEBRIS and DPROB insert the supplied disk into the A drive and type a:install. A

directory called LWD will then be created on the C drive and the files debris.exe and

dprob.exe copied into it.

Running the program 0

The required units for data entry in this program are SI.

Run the program by tying "dprob" from the LWD directory.

1) Enter a file name for the output text file e g. "results I.txt".

2) Enter the average riparian tree trunk diameter (m).

3) Enter the average maximum toot wad or canopy diameter (whichever is larger), (m).

4) Enter the average riparian tree height (m).

5) The number of trees approaching the bridge span can be eiteCr be entered as a total

value from upstream reach observations, or can be estimated through the input of a riparian

tree den ty, bank top failure width and ieach length Fvpe "I' ftor an estimated value. Type

"2" to enter an observed value. •

5a) If "2" is typed enter the number of trees available in the utpstream reach.

5b) If "I" is typed

i) Enter average riparian tree density (m/m)n.

in) Enter bank top failire width (in). This can be calculated using an appropriate bank

stability model

iii) Enter reach length (m),

0
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3 6) Enter bridge pier diameter (in).

7) Enter distance betweenJ bridge piers at water level (m).

8) Enter flow depth immediately upstream of bridge (m).

9) Enter "y" to input new values or enter "n" to end the program.

Program Ontput

The results from DPROB are written an output file which has the file name specified by the •

user during the first program run. The output files will be created in the LWD directory. If the

program is unable to create the output file an error message will appear reading "Error

opening file". If this message appears the program should be terminated.

The output text files can be viewed, once the program is terminated, in a text editor or word

processor such as Word or Word Perfect.

Successive outputs from. each program run will be added sequentially to the same text file.

Program runs are distinguished by a numbered header (i.e. progiam run number I; program

run number 2; ........ etc.).

Results have the following standard output format:

1) A "Debris at Bridge Pier Calculations" header.

2) A list of the input parameter values, including the calculated number of trees available in the

upstream reach, if that option was selected.

3) The probability results. If the average tree height (Ht) is greater than the distance between

the bridge piers (Is) the probability of at least one tree becoming trapped is assumed to be I. If

Ht Is the probability of each tree in the upstream reach successively becoming trapped is

displayed tip to the total, Nt trees.

4) Bridge pier scour calculations. These values are calcuilated assuming that all, NT, trees are

caught to give a worst case scenario The Ibllowing values are then displayed:

i) The probability of N'[ trees becoming caught.

ii) The 'a1culated debris raft depth.

iii) The percentage off the channel cross-section block'd by lebris.

iv) Bed scour due to the pier alone (using 2.4 x I)).

v) Bed scour due to the pier and debris accumulation.

vi) The hydrostatic pressure torce on the pier due to the debris accumulation.
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Test Cases

These examples are provided to ensur" -,at the user is familiar with the procedures necessary

to run the programs, mrid t,, check that tite supplied program is working correctly.

1) Start the program by typing "dprob" from the LWD directory.

2) Enter an output file name, e.g. "resuhs.txt".

3) Enter the following values S

run I ran 2 run 3 run 4

tree trunk diameter 0.5 0.5 0.5 0.5

max. tree diameter 2 2 2 2 •

average tree ieight 6 6 6 6

tree estimation option 2 2 1 1

tree density - - 0.025 0.0125

reach length 100 100

failure width 2 4

number of trees 1() 10 --

pier diameter 1 1 1 I

pier spacing 6 20 30 40

flow depth 6 6 6 6

4) Exit the program and view the results in an text editor or word processor.

5) The results in runs I to 4 should read as follows:

Program run number 1

I)I.F3RS AA ttRtI1)t l'lPIER (AII II,ATFI)NS

liRe tee tnrnk diarrieter is t 5 rnritres
Tlir tree rooft waadI/copy diarrieter is 2 inctres
lire average tree height is 6ý iretres
The observed nrrumber of trees in the uplsticir reraclh is 1l 1
'I lie bridge pier dikmetcr is I metres
T Ie I.n tlr h 1•w e _. bridge pier;i: 6 i rr :e

"I'le Plow depth is 6 rietres

tridge pier' 5o4r ou)tltpu"
"lIre following vahlcs have been ciCalculated tn assrrMirig all 10 trees are cirrigiht Mi the bhidgC

'lhc probability ot'at leail I rt ou t l0 lice:; Isconnuing trapped is I1)0%

elie debris till deptlh is (91.' nctr-I
t he it~Cre4:1 I!It,' of til] cC a I 11I l CI I O s-scC I itI bhI ockcd Is 16.51 34,

O
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Scour CaI Ctilatiou aire derived fruin iý note'l developed hy Mel viI: e and I )ngo[ (102

lied scour dfie to thie pier -- 2.4 metrtes
I led scor ue &W the pier and debris accumulation - 3.43 metres
['lie pressure force nonnual to the bridge pier is 4.91w' I'0i N/rn unit width

Progra~m run number 2

DFHRS ATBRI Xii' N R CA.CtILA ONS

The tree trtuk diarnetey is 0,.5 metres
Mhe tree root wad/canopy diameter is 2 mietres

'[hie average tree height is 6 metres
T[he observed niuniber of trees in the upstream reacL is 10
M['e bridge pier diameter is I inety,

T[he length between bridge piers is 201 metres
[lie flow depth is 6i metres

t'rohubilitV Re~sults
'llie probability* of* at [east one out of 1t0 trees bcii-0iiug11 trapped is 0,33
[Ilie probaibility o( 2 trees being tiapptxi is 0). 1033
[lie probability of 3 treesi being trapped is 0.03(W

The probability of 4 trees being trapped is 10.(X)3
'[lie probabilit y of 5 trees being trapped is ((.0(X21
[lie probability otO( trees being trapped is 11.1 (X)5
[lie probahility of 7 trees being trapped is 8.076,2c-05
[Hie probability o1' 8 trees being trapped is 1 .3338c-05
[lie probability of' 9 trees being trapped is I .4820e-(X6
1lie probability of'1It trees being trapped is 9.9)977e-09

Btridge pier -Scoti outiput
'[lie follow-ing values have been calculated by assuming aill 1t) trees are caught at the bridge
(lie probability of' 10 trL'cs becomniig trapped is X.9977c-t[X
1-lii debris rasft depth is 1.96 meatres
'(le percentage of'the chainel cros;s-section blocked is 13.08 %0

Scour calculation arc derivedJ ['rum a Model deCVelopedL by Melville iiid D ongol (I992)

I[led scour duie to thle pier ýý2.4 mnetres

'('lie precssure fimre niormal to [lie bridge pier is '17L+(4 N/iI unit width

Programn run number 3

l)[IRIS Al I IM11tiF l; 'tR CALI HtA'I'[f)NS

'(lie ticc trniik d iamueter is 0(.5 iiueti'es
'I'lie tree root wad/esuiopy dianieter is 2 niiitrcs

'-:evverage (tee height i:; 6 mectres.
'lie averape tree density in [Ii':ý tpstrearn reach is 0(.025 (trees per sqiiare iiietre
'T'le iupstietiiu 'ucli leingthu is I(H) iiietrcs
('ie channel fii (tire width is 2 vii (res
'lie, Cajlculated~ iicu iIIIIuIII nunjj ci of trees iii the upsici~ani reaich i:; I()
(le [n idge pier diamneter is I mectres0
HoI ' length ('etween bridge picrs is 3(0 nietres
['[lie flow depth i~s 6 inelies

'['tie pintitiluity of' at [eas,,t onie outj 1I' [i0 (ics f loiiug tiu[)tkXt is 0.2 ;21,

'['lie piotahility of' 2 trees fKwiug miapped is 0(.0(506
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llie piobability of 3 trees being trapped is 0(.0102
Tlie probability ot4 trees being trapped is 0M.t)t
1l1e probability of5 trees being trapped is 0.0001
'Ble probability of6 trees being trapped is 4.297)c-05
Tlie probability of"7 trees being trapped is 5.0 1I e-00
'[e probability of " trees being trapped is 4.7283e-07
The probability of ) trees being trappxed is 3.0778c-09
[be probability of 10 trees being trapped is I 0534e-09)

S

B.ridge pier scour output
The following values have been Ci Icrilatcd by assumiing all 10 trices are caught at the bridge
[lbe probability of 10 tree_'s becoming trapped is I 0534e-t)
lie debris raft depth is 3 96 neices
[be percentage of the hciumiel cross-section blocked is 9.72 "

Scour calculation rae derived from a model developed by Melville and lDogol (1992) 6

oled scour due to dire pier = 2.4 metres
led wtour due to the pier and debris accumulation - (,.52 metres

hlie pressure force nonnal to the bridge pier is 7.7e+04 N/rn unit width

0

Program run number 4

I)EBRIS AlF IMRIIX;l IPIHT CAI(IJI.At It NS

Tlie tree trnuk diameter is 0 5 metres
Tlie tree root wad/canopy diameter is 2 iniefs
Tlre average tree height is 0 nmetres
[he average tree density itI the upstream reach is tt.0125 ic tes t)CI S'1ir¢e rTnetre
The upstruim reach length is 1()1 metres
llic chamnel failure width is 4 metres
lIMe calculated ruaxinmum numuber of trees in ihrc npstruarm ieach is I10
lirc bridge pier diametcr is 1 me.trCs
hlic length between bridge piers is 40 riretres

lirc floww deplh is 6 metres

IProbasbilitv Rcsults
flire probabi!ity rf'at LIer:r one out ol I) trees becuoririg tiapt•ed is 0. 1798
lire probability nil'2 trc,:. be-ing rhp)perd is 0.0o201)
Ilie pribability o1l trees being trapped is 01.0101,
lihe probability of 4 trees being trapped is 0.0(01(tt•
irhe rrbartilit,'y (if., trees being traplped is 7.50603c-0t5
lHic pobability ofo irees being trappeid is J.98 1 7c-tt
,lire probabilit/ of'7 Itees beillg trappXd is 0.7X23c-0I7
lhe trrnorability of'9 trees being trapped is 4.524,c-09
hire rribabilitv ofA') trees being tapped is 2tt82 1c-It0
lire pitolatilith of 10 trees being trtapped is 4.'t2(c-l I

I Iridge pier srour output:
TIre followirig values have bee,1 cntcularctr by -is•irrling all 10II trees ire calrjtd it ithc bridge
tire lr urbrrihility ntI" fIt trets becomirrig traird is I �)(,20c- I1
tie dCebris rail delr)tll is 96 nrretre;s

Tire pcicerrtage of the clri•rirrel crrrss-scction bhlcked is 6. .54

-CerUir caliait 10iori MrC tLIr ilVC tisFrri ;1 rirrdCl dCvelrortedt by Melville andrl I lDorgrol (1992)

BerCd ersIr - ifur tnrlin: tilt O w '1 rrl':tr;s
HI d ScOrr dtrrM toi tire 1riCi rust PSr ;i1 1c1rrir1r11nirrrr 0 'i2 nITe-
"I!eC 1r r 11 r C 11ic 3 1rrrrrr: h lit: trI idri t: pric is 7 7t 1t0.1 N/rn inut width

1011
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Results Discussion

The probability of at least one tree snagging at the pier in run I is assumed to be 100%

because the tree height (Ht) is equal to the pier spacing (Is), while probabilities for each of the

ten trees arriving at the span in runs 2, 3 and 4 are calculated because Ht is less than Is.

The probabilities for the 10 trees in runs 2, -1 and 4 can be plotted as shown in figure Al This

plot shows how the probability of capture is dependant upon the maximum tree diameter to 0

picr spacing ratio and demonstrates that the fail in probability of capture becomes

asymptotically smaller as the clear water area between piers is reduced. In this instance the

probabilities all tend towards zero because the difference between pier spacing and tree

diameter is large.

Figure A I Tree trapping probability plot
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